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SYNOPSIS 


The thesis entitled "Template Synthesis of Macrobicyclic 
Cryptands and Their Selective Complexation Studies” is divided 
into five chapters. 

Chapter 1 gives a general account of the special features of 
cryptands as ligands for transition metal ions as well as 
uncharged molecules. The use , of macrobicyclic cryptands as 
ligands for transition metal ions is of considerable current 
interest. As ligands they possess several desirable features like 
different donor atoms' topology, binding site rigidity, layer 
effects etc. that determine stability, selectivity and properties 
of their complexes with transition metal ions. Besides, the donor 
atoms in a cryptand are capable of imposing unusual coordination 
geometries onto metal ions owing to their neoplastic nature. This 
is of enormous importance in modelling the intrinsic active sites 
of metalloproteins . In case of cryptands having more than one 
receptor sites, polymetallic cryptates can be formed which might 
afford to study interactions between metal centres. Besides, 
secondary recognition of small molecules can be effected forming 
the so-called cascade complexes which is of importance in 


different areas of chemistry like selective transport, catalysis 



and small molecular activation. 


Chapter 2 discusses the scopes of the present work. Emphasis 
is given on the template synthesis of cryptands with different 
donor atoms' topologies as well as donor atom types. Synthesis of 
cryptands usually involves the use of high-dilution technique 
which is cumbersome and often leads to low yields of the desired 
products. On the other hand, synthesis using metal ions as 
templates can be achieved much more easily. In the present thesis 
alkali metal ions have been used as templates. Advantages of 
their use is discussed. The use of these cryptands as ligands for 
transition metal ions to mimic the intrinsic active sites of 
metalloproteins are discussed. This chapter also discusses the 
scopes of synthesizing cascade complexes as well as molecular 
complexes with cryptands. 

Chapter 3 concerns with the synthesis of an 


octaazamacrobi cyclic 

cryptand 

(Fig. 

1) by 

[2+3] Schiff 

base 

Hh 

condensation in presence of Cs 

or Rb 

ion as 

the template. 

The 

alkali metal ion 

is held 

in the 

cavity which can 

be 


transmetallated by Cu(II), Nidi), Zn(II) and Mn{II) ions. The 
complexes isolated were probed by different spectroscopic, 
electrochemical and magnetic studies besides elemental analysis. 
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The cryptand has two potential receptor sites. It forms binuclear 


complexes with Cu{II) and Zn{II) when these metal ions are 

allowed to react with the cryptand in 2:1 molar ratio. The 

dicopper complex exhibits a peculiar seven-line EPR spectrum in 

solution attributed to two weakly interacting Cu(II) centres. The 

electronic spectrum is consistent with the trigonal bipyramidal 

geometry around each Cu(II) ion. The free ligand as well the zinc 

complex show a three-fold symmetry as revealed by the high field 
1 

H NMR studies. Cu(II), Ni(II) and Mn{II) ions form mononuclear 

hexacoordinate complexes with the chromophore, MN when allowed 

6 

to react in 1:1 molar ratio. 

Chapter 4 presents a novel cryptand having three disulfide 
linkages (Fig. 2). This is also synthesized by [2+3] Schiff base 
condensation reaction in presence of Cs"*^ ion. In this case, 
however, the alkali metal ion is not bound inside the cavity. The 
cryptand readily forms hexacoordinated dicopper and dinickel 
complexes. The two metal ions inside the cavity donot interact as 
inferred from the spectroscopic, magnetic and electrochemical 
studies even though they are bridged by three disulfide groups. 

Chapter 5 is divided into three sections. Section A 


describes the synthesis of a hetero-di topic cryptand with three 



bridging benzene groups (Fig. 3) by tripod-tripod Schiff base 


condensation in presence of Cs ion. It has a recognition site 

for a Cu(II) or a Ni(II) ion at one end of the ellipsoidal cavity 

which provide four nitrogen donor atoms. These donor atoms impose 

a pseudotetrahedral coordination geometry onto the metal ions. 

The EPR spectrum of the Cu { II ) -cryptate exhibits the smallest 

Cu ”*4 “1 

parallel hyperfine coupling ( = 60 x 10 cm ) observed 

todate for a Cu ( II ) -complex. Also, the Ni { II ) -cryptate provides a 

rarely documented example of pseudotetrahedral NiN. coordination. 

4 

Both the cryptates show secondary recognition and binds an azide 
group. The Cu { II ) -cryptate forms an air-stable H^S complex where 
the Cu(II)-S (of H S) bonding is revealed by changes in its 
spectroscopic properties compared to the original cryptate. This 
cryptate provides the first example of an air-stable Cu(II)-H S 
complex. 

Section B presents the synthesis of a cryptand having a 
similar donor set with three bridging naphthalene groups instead 
of benzene (Fig. 4) . This cryptand also enforces 
pseudotetrahedral geometry onto Cu(II) and Ni(II) which show 
similar spectroscopic properties as shown by corresponding 
Cu(II)- and Ni (II) -cryptates with the cryptand shown in Fig. 3. 
The Cu (II) -cryptate binds one H S molecule inside the cavity. 


Section C discusses recognition of 3)1 anaarr rnoiecules like H O 
by these two hetero-ditopic cryptands, C rr'stall sst ructural studies 
on the H^O inclusion complexes are descr il>e(3 hheare , 
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CHAPTER 1 


INTRODUCTION 

The name "cryptand" is derived from the Greek word "cryptos" 
meaning "cave” in order to express their special topological 
shapes [1,2]. These molecules have been proven to be of enormous 
importance in many areas of chemistry as well as biochemistry [3- 
5] . These macropolycyclic structures are able to provide 
suitable frameworks for arrangement in space of one or more 
receptor sites. These sites delineate molecular cavities into 
which the substrates penetrate, forming inclusion complexes whose 
geometry may be regulated via ligand design. As complexing 
agents, the cryptands permeate the area of molecular recognition 
[6-8] since their structural features determine the stability, 
selectivity and properties of their complexes with ions and 
neutral molecules. Cryptands can be designed to behave as single 
site (monotopic) or multisite (polytopic) molecular as well as 
metal ion receptors [9] . While monotopic receptors are capable 
of displaying functions [9] like recognition, catalysis 
selective transport etc., polytopic molecular receptors provide 
an entry into higher forms of molecular behaviour like co- 



operativity, allostery and regulation. Polytopic receptors may 


have identical or different binding sites which may give rise to 
homo-and hetero-polynuclear complexes respectively. 

The cryptands might have one or more cycles in their 
architecture and are denoted [10] by (n) -cryptands where ”n” is 
the number of cycles. Thus, crown ethers (Fig. la) are (1)- 
cryptands. Macrobicycles (Fig. lb) are (2) -cryptands and so on. 
Cryptands, as ligands, are superior to simple acyclic ligands due 
to certain desirable features in their structures which are 
discussed next. 

1.1 Salient Features of Cryptands 

1.1.1 Donor atoms' topology 

The nature and number of subunits used for the construction 
of the cavity determines the shape of the donor atoms’ array 
[2,9]. Thus, coaxial arrangement of two tripodal subunits linked 
by three bridges give the macrobicycle (Fig. lb) where the donor 
atoms describe an ellipsoidal cavity. Face to face linkage of 
two macrocycles results in a cylindrical macrotricycle (Fig.lc). 
Likewise, the cryptand shown in Fig. Id has a spherical topology 
of the donor atoms. Of course, quite a number of other shapes 
for the cavity are possible to design which is limited only by 
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r. 1.1 Cryptands with different topologies of the donor atoms 
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one ' s imagination . 


1.1.2 Nature of the donor atoms 

By judicious choice of the subunits, different kinds of 
donor atoms like N, S, O, S , P etc. can be introduced into the 
ligand architecture [1,10-12] . It is appropriate to comment 
here that nature of donor atoms are very important in 
discriminating the binding of charged as well as uncharged 
guests- While macropolycycles with ethereal oxygens as the donor 
atoms preferably form [13] inclusion complexes with alkali as 
well as alkaline earth metal ions, those with thioether sulphur, 
amino nitrogens, etc. donors readily form [9,11] transition metal 
cryptates- 

1.1.3 Rigidity of the binding site 

Macropolycyclic architecture imposes [10,12,14] 
conformational and steric barrier which in turn determines the 
stability and selectivity of the complexation. An ideal 
situation will arise if the ligand donor set is preorganised [12] 
to impart a preferable coordination geometry for a particular 
metal ion and it is having least strain in that conformation. 
Because in that case, the metal complexation will be extremely 
facile and the stability should be high. Flexible structural 
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3 

[10] units constructed of sp hybridised atoms acscoinnodate a 

2 

large range of shapes and sizes than do those made fr-oim sp or sp 
hybridised ones. Flexible chains can be mul tij)! y— ILnked into 
polyhedric shapes and severely limit the xotatiomaL. freedom. 
Flat groups like aromatic rings can be used t o rrigridify the 
cavity. Groups like disulfides, amides etc. can. also be used to 
construct a rigid cavity. The more rigid the cavity,™ the greater 
will be its discriminatory power against ioms /itioLecules that are 
either larger or smaller than the cavitiy, sLnce these will 
require severe ligand deformation for contact biradi-ng. 

1.1.4 Cryptate effect 

The inclusion complexes formed by cryptancSs are called 
cryptates [1]. The stability constants of these ciryx)tates are 
found to be higher [13,15] by several orders o:f magnitudes 
compared to the complexes with open— chaini polycdeKit at e ligands. 
This is called the cryptate effect. Studies on tlii s phenomenon 
showed that this effect originates from both tlierrinioi ynamic and 
kinetic quantities [14] . 

1.1.5 Layer effect 

The cryptands provide a sort of organic ssk in CIS.] to the 
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bound species. As a result, the effect of the counterion and the 
medium will be at a minimum. The nature of the external surface 
of a cryptand, whether hydrophilic or lipophilic, determines its 
solubility pattern. The thickness of this organic skin will also 
determine the stability of the bound species since it affects the 
interaction between the bound species and the external medium. 
Adding alkyl/aryl groups to the cryptand as side chains can 
effectively isolate the ion/molecule trapped inside. Besides, the 
anion being isolated from the bound cations, can be used as 
catalysts, e.g. in anionic polymerisation [16]. 

1.2 Synthesis of Cryptands 

The synthetic strategies for the preparation of cryptands 
can be classified broadly into two main classes: (1) high- 
dilution method and (2) the method of using a metal ion as a 
template. 

1.2.1 High dilution method 

This method [17] plays a dominant role in different types 
of ring closure reactions. Cyclizations taking advantage of the 
high dilution principle, usually start with open chain compounds 
having two or more functional groups. These functional groups 
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react leading to the formation of monomeric as well as oligomeric 


cyclization products. In order to suppress the formation of 
oligo-condensation products, a very low concentration of the 
educts is maintained in the reaction flask. The optimum 
concentrations of the educts is found out empirically. 
Nevertheless, there have been some developments in theoretical 
directions as well [18]. A large number of macrocycles, 
macrobicycles as well as macrotricycles have been synthesised by 
high dilution method. In fact, this is the major synthetic 
approach used for the synthesis of cage molecules [19] . The 
most common strategy for synthesizing cryptands involves the 
formation of macrocycles. Once a macrocycle is synthesized, the 
next step will be to add another chain to it to have the desired 
macrobicycle [19] . It is obvious that, a 

macrocyclic/roacrobicyclic synthesis using the high-dilution 
technique is a time-consuming, cumbersome process. Besides, more 
often than not, the desired products are obtained in low yields 
alongwith a number of side products. Isolation of the pure 
product can sometimes be really an involved process- 

1.2.2 Template Synthesis 

A cyclisation step is sometimes made facile by using a metal 
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ion as a template [20] . One of the first examples of a metal ion 
facilitating the formation [21] of a macrocycle was the self- 
condensation of o-phthalonitrile to yield metal phthalocyanine 
complexes as illustrated in the Fig. 1.2. 


CN M/M(I) /M(II) /M(III) 

> 

CN 

M = Na, Mg, Cu, Ni and Sb 

M{I) = Nad), K(I) and Cud) 

Mdl) = Cadi), MgdI), Nidi) and CudI) 

Mdll) = Fedll) 

Fig. 1.2 

The template effect can be of kinetic or of thermodynamic origin 
or can be a combination of both [20] . 

According to the kinetic template hypothesis [20] , the 
geometric arrangement of ligands within the coordination sphere 
of a metal ion provides constraints that can be used to control 
the structure of a product formed by reactions of coordinated 
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ligands. Specifically, the coordination sphere of the metal ion 
may serve as a template to hold reactive groups in proper 
positions for sterically highly selective, mult'istep reactions. 
A large number of macrocycles have been synthesised on metal 
templates [20] . 

The contrasting thermodynamic coordination template effect 
[20] acts, not on the mechanism of the ligand forming process. 
It rather acts on stabilizing a ligand structure that might 
otherwise be disfavoured in the pure organic chemical system at 
equilibrium. The most important case of an equilibrium template 
process is the formation of the tetraazamacrocycles discovered 
[22] by Neil Curtis. Solutions of ethylenediamine in acetone 
react to form a variety of species whose relative abundances vary 
with conditions. Under certain experimental conditions, 
macrocycles I and II (Fig. 1.3) can be isolated in the absence of 



I II 


Fig- 1.3 
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metal ions. However, it has been shown clearly that the presence 


of metal ions like Ni(II) and Cu(II) leads to the sequestering of 
the macrocycles by the metal ions because of the superior 
behaviour of the macrocycles as ligands. These are outside the 
scope of the present thesis and are not discussed. 

Besides these two methods, other methods which found 
sporadic usage in the syntheses of cryptands include gauche 
effect [23] , caesium effect [24] , the rigid group principle [25] , 
etc . 

1.3 Ligating abilities of crvptands 

The present section limits the discussion on the (2)- 
cryptands and their complex forming abilities to ions and neutral 
molecules. This is to provide the proper perspectives for the 
chapters to follow. For brevity, (1)- or (3) -cryptands are not 
included in the discussion although they are equally important. 

1.3.1 Cryptands with oxygen donors 

In 1967, Pedersen's pioneering discovery [26] of the crown 
ethers and their strong binding abilities [27] towards alkali 
metal ions, demonstrated that effective and selective 
complexation can be achieved with neutral synthetic organic 
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ligands . 


Selective binding of cations in solution is a 


distinctive feature of the solution chemistry of macrocyclic 
polyethers. The design and synthesis of new macrocyclic ligands 
with different cavity sizes, donor atom types, ring substituents, 
etc. have resulted in a large number and variety of compounds 
[1,28]. An extension of the macrocyclic chemistry is found in 
the case of (2)- and higher cryptands. Unlike a macrocycle, these 
macrobicyclic ligands encapsulate a metal ion due to their cage- 
like structures. Generally, the metal ion whose ionic radius 
best matches the radius of the cavity formed by the cryptand on 
complexation, will form the most stable complex. Macrobicyclic 
cryptands can assume any of the three conformations [29] 
according to the configuration of the two nitrogen bridge heads 
viz., in-in, in-out or out-out as illustrated in Fig. 1.4. 





Fig. 1.4 
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For the complex formation reaction, the magnitude of steric 


strain of the ligand is an important factor to be considered. 
Lower the steric strain in the complex, more favourable will be 
the complex formation. An ideal situation will arise if the 
ligand donor set is preorganized to impart a preferable 
coordination geometry for a particular metal ion and it is having 
least strain in that conformation. Because in that case, the 
metal complexation will be extremely facile and the stability of 
the complex should be high. A few oxygen donor cryptands are 
given in Table 1.1. 

The free [2.2.2] cryptand exists in' the in-in conformation 
in the solid state as revealed [1] by its X-ray structure 



(Fig. 1.5). This molecule shows some rigidity compared to 
acyclic/macrocyclic ligands and display [10] "peak selectivity" . 
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However, cryptands having sizes greater than that of [2.2.2], 


show signs of flexibility in ion encapsulation. Lehn and 
Sauvage concluded [10] that these flexible cryptands show 
"plateau selectivity". Of course, rigid ligands which are too 
small to accommodate a metal ion may form 2:1 complexes [30]. 
Cryptands incorporating several ethereal donors , form an 
important part of supramolecular chemistry due mainly to their 
importance in a wide range of areas, particularly in biological 
systems and medical applications [3-6] . It has also breathed 
life into the chemistry of the otherwise uninteresting alkali and 
alkaline earth metal ions [31] . These cryptands have also been 
studied as selective complexing agents for toxic heavy metals 
[13]. However, the cryptands with the ethreal oxygen donors 
which act as hard donors have not been found to be useful 
complexing agents for transition metal ions. 

1.3.2 Cryptands with nitrogen and/or sulfur donors 

Introduction of nitrogen and/or sulfur in the place of 
oxygens in the macropolycyclic structures opened up a way for the 
exciting transition metal cryptate; chemistry [9,13,32,33]. The 
design of ligands for the different transition metal ions 
requires the choice of classes of receptor molecules endowed with 
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the structural features that will confer strength and selectivity 


to the binding process. Of special interest, is the possibility 
to induce [34,35] a variety of special electronic, magnetic, 
electrochemical and photochemical properties. This is possible 
through designed modification of the structural features like the 
donor atoms' topology, rigidity of the binding sites and its size 
etc. Precisely, these are the properties which are very 
important in mimicking the intrinsic active sites [36] of 
metalloproteins . 

In an intrinsic active site, the amino acid side chains of 
the protein backbone provide the donor atoms for the metal 
ion(s). The unusual properties of metal ions at these sites 
[36,37] compared with those of the simple complexes, arise due 
to unusual coordination environments which in turn result from 
conf ormationally imposed constraints upon amino acid side chains 
that comprise the ligands for the metal ion(s). This imposition 
of an irregular geometry in an intrinsic active site, is designed 
by nature to achieve a condition energetically favourable to 
carry out its assigned biological role(s). In a suitably 
designed cryptand, the donor atoms being somewhat neoplastic in 
nature, can enforce an irregular coordination geometry on to a 


U 



metal ion [13,32,38]. 


Thus, cryptands are perhaps the best 


suited as abiological ligands to mimic the electronic structure 
and bonding of an intrinsic active site. However, no systematic 
studies are available in the literature in this direction. Of 
course, any such exercise has the ultimate aim to understand the 
structure and functional relationship of metalloproteins at the 
molecular level. 

Cryptands can include one or more metal ions depending on 
the cavity size and the disposition of donor atoms. Thus, both 
mono- and bi-nuclear cryptates have been studied with transition 
metals some of which are listed in the Tables 1.2-1. 3. These 
tables do not intend to provide an exhaustive list of transition 
metal cryptates. Only a few representative complexes are shown. 
It is relevant to point out here that there is a growing interest 
[39,40,41] in polynuclear metal assemblies because an increasing 
number of active centres in metalloproteins are found to contain 
more than one metal atoms [42-45]- In what follows, some of the 
mononuclear and polynuclear transition metal cryptates have been 
discussed. This discussion is biased towards the studies of 
electronic structure and bonding properties of the transition 
metal cryptates. 
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1.3.3 Mononuclear cryptates 

The cages [32] of sepulchrate ( Fig. 1.6A ) and sarcaphagine 
( Fig. 1.6B ) belong to the cryptand family and they form highly 
stable complexes with a number of first-row transition metal 
ions. Sargeson and coworkers, synthesized these cage molecules 
(Fig. 1.6) on CoClII), Pt(IV), Ir(III) and Rh(III) [46] ion as 
the template. The redox properties of the metal complexes were of 



Fig. 1.6 

the early captivating features of the cage chemistry [46] . For 
Co (III) /(II) sepulchrate ions, despite the insulating organic 

5 

coat, the electron self exchange rate was 10 fold greater [46a] 

3 ^. / 2 + 

than that for the parent [Co(en) 2 ] ions. The cage hole 

appears to be a little large for Co (III) and a little too small 
for Co (II). Thus, the strain generated in the ligand by the 
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encapsulation of the ion explains the increased electron self- 
exchange rate. If the ligand frame work is such that the 
stereochemistry about the metal is ion strained in a way that 
helps the system towards transition state then a more rapid 
electron self-exchange rate can be expected relative to the 
unstrained system. This expectation is incorporated in the 
entatic state hypothesis [36] of metalloenzyme redox processes. 
Cu(II)/Cu(I) systems, for example, could be constrained to 
largely the same stereochemistry in the two oxidation states by 
the rigidity of the enzyme donor system. Such arrangement could 
lead to rapid reversible electron transfer reactions. The sulphur 
analogue of the sarcaphagine ( Fig. 1.6C ) has been synthesised 
t46e] recently. A few other mononuclear transition metal 
cryptates have been reported which are collected in the Table 
1.2. The small cavity cryptand, 1 illustrated in Fig. 1.9 
imposes a trigonal bipyramidal geometry [47] around the metal ion 
Cu(II) and the cryptate [1 Cu(II)]Br shows a great inertness 

towards strong acid solutions, no change being observed over a 

-3 

period of months in both HCl and HCIO, (3 mol dm aqueous 

4 

solutions). Thus, the stability of this cryptate is 
unprecedented . 
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1.3.4 Binuclear Cryptates 


Macrobicyclic ligands having two receptor sites may form 

dinuclear cryptates {Table 1.3) . The ligand 0-bistren (1 ) forms 

dinuclear cryptates with Zn(II), Cu(II), Ni(II), Mn(II) and 

Co (III). The ellipsoidal cavity takes up two metal cations one 

at each end. The powder EPR spectrum of blue [2 Cu(II) 1] 

complex show a weak signal at g = 4 indicating some coupling 

2 ^" 

between the two Cu ions. The electronic spectrum shows 
similarity to that of the metalloenzyme , hemocyanin [42]. A 
binucleating cryptand having two NS^ donor sets bridged by three- 
carbon aliphatic chains have been synthesized [49] by high 
dilution method. This compound can incorporate two Cu(II) ions 
inside the cavity. These ions do not interact magnetically as its 
magnetic susceptibility and EPR spectral results indicate. 

1.3.5 Tri- and poly-nuclear cryptates 

Arranging more than one metal cations inside the cavity of 
the ligand might lead [34,35] to molecular wires and molecular 
magnets which is mainly directed towards the development of 
materials with novel properties. Metal ions assembled together 
in a multimetal system can exhibit drastically different magnetic 
properties from those of individual ions due to electron exchange 
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phenomena [41] . 


Also, long range spin-exchange interactions may 


shed light on mechanisms of long range electron tunnelling [50] . 
Recently Mandoza et . al. [51] reported the first trinuclear 
Ag(I)- and Cu ( I ) -Ag ( I ) -Cu { I ) hetero-trinuclear cryptates (Table 
1-3). The three metal ions are arranged (Fig. 1.7) in a row, held 
at well-defined distances and bound in two different 



Fig. 1.7 

environments. This clearly indicates the potential of 
macropolycylic ligands in arranging the metal ions in space in a 
specific sequence. The ligand design plays a major role in the 
multimetal assembling process. Arranging specific donor sets in 
a specific disposition might lead to specificity in arranging the 
metal ions. Beer et.al. synthesised [52] the cryptand, 10, (fig 
1.10) with three externally oriented 2 , 2 ' -bipyridyl transition 
metal recognition sites. The hetero-polymetallic cryptate of 
Cud) and Ru(II), Zn(II) and Ru(II) have been studied. The 
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RudI) photo- and electro-chemical properties are perturbed by 


the internally bound Zn(II) ions. A polyaza tris-f errocene 
macrobicyclic cryptand, 13 (figl.lO) forms hetero-polymetallic 
cryptates with Zn(II) and Cud). 

1.3.6 Cascade Complexes 

Both mono- as well as poly- nuclear cryptates can further 
add on to substrates forming cascade complexes [9] . These 
complexes ( Table 1.4 ) form via a sequential, double selection 
process: selection of the cation (s) by the cryptand, selection of 
the substrate controlled by the nature and arrangement of the 
complexed cation(s). Cascade complexes may display several 
exciting properties: (i) selective fixation and transport of 
substrates, (ii) catalysis of multicenter-multielectronic 
processes, (iii) activation of the fixed substrates, (iv) 
condensation or cross-reaction (thermal or photochemical) of 
different substrates brought together and held in proximity. 

Investigations pertaining to the formation of cascade 
complexes with dinuclear cryptates have been made sporadically 
[48,49,53-56]. In contrast, such studies with mononuclear 
cryptates are not well known [57,58]. Oxidation [53a] of the 
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dinuclear Co (II) complex of o-bistren gives the -peroxo, 
hydroxo species ( Fig. 1.114 ). Addition [48] of HO, CN , N 
to the dicopper cryptate with O-bistren (1 in Table 1.3) lead to 
changes in the electronic spectra indicating [48] the formation 
of cascade complexes. The cascade complex shown in Fig. l.ll-S 
crystallizes [56] from the corresponding dinuclear cryptate 
where CO. is bound as CO, ion. Illustrations of few other cascade 
complexes are shown in Fig. 1.11. 

1.3.7 Molecular Cryptates 

The binding of molecular substrates represents also a major 
area of supramolecular chemistry. It makes use of various 
molecular interactions [59,4] like electrostatic, hydrogen 
bonding, donor-acceptor, van der Waals as well as hydrophobic 
effects. Specific groups may serve as anchoring sites through 
which substrate molecules attach to complementary sites in the 
receptor molecules. Extensive use has been made of H-bonding 
interactions and well-defined coordination patterns have been 
identified and characterised by crystal structure determination 
when H-bonding is involved [60] . Interactions such as donor- 
acceptor and van der Waals forces are less directive and may 
present a softer dependence [61] on distances and angles. This is 


21 



also the case for hydrophobic (solvophobic) effects which can 


aevertheless make a high contribution to the complex stability 
•specially for lipophilic receptors [62] like cyclophanes (or) 
::yclodextrins in aqueous solution which is, however, out of scope 
Cor discussion here. 

Strong binding in molecular complexes require multiple 
Interactions due to weaker interactions involved compared to 
:ransition metal cryptates. This is very important for neutral 
nolecules binding through hydrogen bonds and dipole-dipole 
Interactions. The stability of the complexes formed through 
lydrogen bonding of acidic OH, NH, CH to acceptor sites (O, N) 
ire comparatively low [63] . Suitably designed receptor 
nolecules are capable of forming selective and stable 
jupramolecular species through neutral hydrogen bonding array in 
:he appropriate coordination patterns. 
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Table 1.1 N,0-Donor Cryptands 


Cryptand 

Method of 
Preparation 

Transition Metal 
Cryptates Studied 

Reference 

1 

HD or 

Nad) template 

Cu(II) 

15,64 

2 

HD 

Co(II) and Nidi) 

66,65 

3 

HD 

CuCII), Nidi) and 
CodI) 

67 

4 

HD 

Fedll) 

68 

5 

Fe(III) template 

Fedll) 

69 

HD = high 

dilution 



Illustrations of the cryptands 

are given in Fig. 1.8 
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2 



1 o:b<c:0 and d s NCH 3 

2 asbsQ ond c * d * NCH 3 

3 Q> b: cs d r NCH 3 

4 q: bsNH and c^dsO 



5 


Fig. 1.8 N, 0-donor cryptands as collected in Table 1.1 
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Table 1.2 Mononucleating N- and/or S-Donor Cryptands 


Cryptand Method of Transition Metal Reference 

Preparation Cryptates Studied 


1 HD Cu(II) 47 

2 Co(III) ,Pt(IV) , Cr (III) ,V(IV) , 32.46a, c,d 

Rh(III) & Irdll) Mn(II) .Mndll) ,Fe{II) , 

template Fe (III) , Co (II) ,Co (III) , 

Cu(II) ,Ni (II) ,Ni (III) , 

Rh(III) ,Pt (IV) & 

Ir (III) 

3 Co(III) .RhdII) Co(III) .RhdII) & 46b, c 

& Ir(III) template Ir(III) 

4 Cs(I) template Co(II) 46e 


5 Co(III) template Co (III) 46f 

6 Ca(II) & Cu(II) ,Mn(II) ,Co(II) 70 

Sr(II) template Fe(II) & Fe(III) 

HD = high dilution 

Illustrations of the cryptands are given in the Fig. 1.9 
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Fig. 1.9 Mononucleating N- and/or S-donor cryptands as in 


Table 1.2 
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Table 1.3 Di- and Poly-nucleating Cryptands 


Cryptand 

Method of 
Preparation 

Transition Metal 
Cryptates Studied 

Reference 

1 


HD (or) Cs(I) & 
K{I) template 

Cu(II) , Zndl) 

& Co(II) 

48,71 

2 


HD 

Cu(II) 

49 

3 


Ca(II) & Sr(II) 
template 

CudI) 

72 

4 


Ag(I) template 
template 

Cud) 

39 

5 


HD 

CudI) & codi) 

56 

6 


HD or Ag(I) 
template 

CudI), Nidi) & 
codi) 

73 

7 


HD 

Cud) 

74 

8 


HD 

CudI) 

75 

9 


HD 

Cud)-Agd)-Cud) 

Agd)-Agd)-Agd) 

51 

10 

11 


HD 

Cud) -Ru (ID -Cud) 
ZndD-RudiT -Zndl) 
Zndl) -Fe (II) -Zndl) 

*3 

52 

52 


HD = 

high dilution 




Illustration of the cryptands are given in Fig. 1. 

10 
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II 

Tig. 1.10 Di- and Poly-nucleating cryptands as in Table 1.3 
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Table 1.4 Cascade Complexes 


Complex 

Metal ion(s) 

Substrate 

Reference 

1 

Co(III) 


53a 

2 

CudI) 

h^o,cn",n^" 

48 

3 

Cu(II) 

C 03 - 

56 

4 

Cu(II) 

OH 

53b 

5 

CudI) 

f” 

58 

6 

CodI) 

"s' 

55 

Illustrations of the cascade complexes 

are given in Fig. 1.11 
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Fig. 1.11 Cascade complexes as collected in Table 1.4 
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Chapter 2 


Scope of the Work 

Synthesis of cryptands for ligating transition metal ions is 
of considerable current interest. Cryptands bearing nitrogen 
and/or sulfur donors readily form inclusion complexes with 
transition metal ions. Depending upon the size of the cavity, 
nature of the donor atoms and their topology, one or more metal 
ions can enter the cavity forming cryptate complexes. As ligands, 
these molecules possess several desirable features like 
predesigned three-dimensional donor atoms’ topolgy, binding 
sites' rigidity, layer effects etc. which make them superior to 
simple acyclic or macrocyclic ligands. However, widespread use 
of these compounds as ligands for transition metal ions are yet 
to take place owing mostly to the difficulties involved in their 
synthesis. The usual method of synthesis involves utilising the 
high dilution techniques [17] which are cumbersome and afford 
only low yields of the desired products. Also, isolation of the 
pure product mixed with a number of bye-products can often be 
extremely difficult. Synthesis using templates provide an 
alternative method [20] which gives much higher yields of the 



desired products. Besides, the numbers as well as amounts of the 


bye-products can be kept at the minimum. 

Alkali metal ions have been used in the synthesis of 
macrocycles ever since the pioneering work of Pedersen was done 
for the synthesis of crown ethers [26]. However, these metal ions 
have not been used systematically for the synthesis of cryptands. 
Alkali metal ions form kinetically labile complexes [76] . 
Therefore, if an alkali metal ion, being used as the template, 
gets trapped inside the cryptand during its synthesis, it can be 
easily trans-metallated with a transition metal ion. So, a 
systematic investigation on the use of alkali metal ions as 
templates in the synthesis of cryptands is highly desirable. The 
template effect can be used in the following two ways: 



Fig. 2.1 Formation of macrobicyclic cryptands from acyclic 
components 
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In case of (ii) the two tripodal units can come together and join 


to form the cryptand A. In case of (i ) a spacer unit can join 
the two tripods leading to the cryptand B. Thus, under both 
situations, the cryptand can be synthesized in one step. Schiff 
base condensation reaction can be used effectively as it requires 
only mild conditions and hence is a popular method 
[39,51,52,56] 


A 

number of 

first-row transition 

metal ions have been used 

in synthesizing 

inclusion 

complexes 

with crypt ands 

having 

nitrogen 

and/or 

sulfur donor 

atoms . 

Emphasis in such 

studies 

were placed on 

evaluating 

thermodynamic properties 

of such 


complexes. Sporadic studies have also been made on the electronic 
structure and bonding of the metal cryptates. However, no reports 
are available where imposition of a desired coordination geometry 
onto the transition metal ions have been studied. Due to 
neoplasticity of the donor atoms in a cryptand, it is possible to 
achieve metal complexes in unusual coordination symmetries. The 
active sites in a large number of metalloproteins are intrinsic 
[37] in nature. An intrinsic active site generates an unusual 
coordination environment at the metal binding site due to 
conf ormationally imposed constraints upon amino acid side chains 



that comprise the ligands for the metal ion. 


The imposition of 


an irregular geometry onto a metal ion at the active site is 
designed by nature to achieve a condition energetically 
favourable [36] to carry out its assigned biological role(s). 
However, this leads to two important problems: (i) spectroscopic 
studies of the native proteins may yield data that are difficult 
to interpret and (ii) it is quite unrealistic to expect to 
synthesize a complex which is a detailed model for an intrinsic 
active site. In a suitably designed cryptand, however, a desired 
coordination geometry can be enforced upon a metal ion like the 
protein matrix does in an intrinsic active site. The rigidity of 
the donor sites can be enhanced by introducing groups like 
disulfides, aromatic rings, etc. With disulfides in the 
macrobicyclic rings, it is also possible to study metal-disulfide 
interactions which have important bioinorganic relevance [77] . 
Metalloproteins ' active sites usually reside in hydrophobic 
pockets. Adding aliphatic/aromatic groups as the side groups in 
the macrobicyclic rings will increase the hydrophobicity to a 
significant extent around the donor groups. This will more 
closely match the active site environments. 

For cryptands having two distinctly different receptor 


sites, it is possible to form metal cryptates where the metal ion 



occupies only one site leaving the other site vacant. This is 


specially true if one site has oxygen donors while the other site 
has nitrogen donors. Small neutral molecules or anionic fragments 
can occupy this site and get bonded to the metal ion trapped 
inside. This type of secondary recognition [9] is important in 
selective fixation and transport of a given substrate as well as 
in the development of new catalytic systems. 

Apart from metal ion recognition, neutral molecular 
recognition [7] is an important area of research today. 
Formation of inclusion complexes of the neutral molecules by the 
host cryptands is a topic of fundamental importance in many areas 
of chemistry as well as biochemistry [3,4]. The present thesis 
aims at investigating some the aforesaid aspects of the chemistry 


of cryptands . 



Chapter 3 


SYNTHESIS OF M OCTAAZAMACROBICYCLIC CRYPTAND AND ITS LIGATING 
ABILITIES TOWARDS Mn(II) . Ni(II) . Cu(II) AND Zn(II) IONS 

The incorporation of the tripodal unit, tris (2-aininoethyl) 
amine, N(CH CH NH ) in the macrobicycles was achieved first by 

^ A 

Lehn and coworkers [74] . Since then, a variety of cryptands 
incorporating this unit have been synthesised and used as ligands 
for transition metal ions {Table 1.3; chapter 1). Most of the 
first-row transition metal ions have high affinity for nitrogen 
donor ligands and these metal ions readily form inclusion 
complexes with the cryptands incorporating these donor atoms. 
Cryptands, where the two coaxial tren {tren = tris(2- 
aminoethyl) amine) units are separated by spacers of considerable 
length, may form bimetallic cryptates. The distance between the 
metal centres can be varied via ligand design. For a large 
separation, the metal ions may behave as independent centres 
[39,56,73]. Decreasing the spacers' length might lead to 
bimetallic cryptates with metal-metal interactions [48,72] and/or 
cooperative binding of small molecules or anions like CO, CN , 


36 


imidazolate etc. Besides, dinuclear transition metal cryptates 


may provide models for the dinuclear active sites present in some 
metalloproteins [42-45] . Antiferromagnetic coupling has been 
observed [78,79] in different biomolecules like the dicopper 
sites in hemocyanin tyrosinase and laccase. Also, multi-metal 
interactions might lead to molecular magnets [35] with unusual 
conductivity as well as magnetic properties. 

This chapter describes the one-pot synthesis of an 

octaazamacrobicyclic cryptand by [2+3] Schiff base condensation 

of tren and glyoxal followed by reduction with NaBH^. The 

4 

condensation step undergoes smoothly in presence of Rb(I) or 
Csd) ion acting as the template. The resulting Rb{I)- or Cs{I)- 
cryptate that forms in high yields, can be transmetallated 
readily with metal ions like Mn{II), Ni{II), Cu(II) and Zn{II). 
The cryptand behaves both as monotopic and ditopic receptor 
depending upon the nature of the metal ion and/or the reaction 
conditions. This all-nitrogen cryptand, synthesised previously 
[80] by Lehn and coworkers using the high-dilution technique, 
acts as an anion receptor upon protonation. Also, Hunter 
et.al. [70] have synthesised the Schiff base analogue using 
Sr (II) ion as the template and have probed its ligating abilities 
towards transition-metal ions. 
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3 . 1 EXPERIMENTAL SECTION 


3.1.1 Materials.- Reagent grade chemicals tris(2- 

aminoethyl) amine , glyoxal, copper (II ) perchlorate hexahydrate, 

nickel (II) perchlorate hexahydrate, manganese (II) acetate 

tetrahydrate and zinc (II) nitrate tetrahydrate acquired from 

Aldrich, were used as received. NaBH., rubidium chloride, cesium 

4 

chloride and the solvents were acquired from SD Fine Chemicals, 
India. The solvents were purified prior to use following standard 
procedures [81] . 

3.1.2 Analysis and Measurements 

The elements carbon, hydrogen and nitrogen were analysed by 
standard microanalytical techniques at the Indian Institute of 
Technology, Kanpur or at the Central Drug Research Institute, 
Lucknow, India. 

Infrared spectra were recorded either on a Perkin-Elmer 

model 580 grating spectrophotometer or on a model 1600 Perkin- 

Elmer FT-IR spectrophotometer using KBr pellets. A polystyrene 

film was used as the reference. 

1 

H-NMR data were recorded either on a Bruker WP-80FT (80 
MHz) instrument or on a Bruker WM 400FT (400 MHz) instrument. For 
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brevity, not all the NMR spectra taken are shown although all the 


NMR data are presented. 

Magnetic susceptibility measurements were made with 

a Cahn Faraday Balance using [CoHg(SCN) 1 as the standard. 

4 

Diamagnetic corrections were applied in all the cases. 

Electron paramagnetic resonance (EPR) spectra were recorded 
on a varian E-109 spectrometer operating at the X-band using DPPH 
as the external standard. EPR spectra were taken at room 
temperature (298 K) and at liquid nitrogen temperature (77 K) . 

Conductivity data were collected on an Elico Model CM-82T 

-3 

conductivity bridge for dilute solutions (ca. 10 M) . The 
instrument was calibrated using standard KCl solutions. 

Melting points were obtained using an electrical melting 
point apparatus (PERFIT) and were uncorrected. 

The electronic spectra of solutions were recorded on a 
Perkin Elmer Lambda-2 UV-VIS spectrophotometer at 298 K using 
Ereshly purified solvents. 

Cyclic voltammetric measurements were performed using a PAR 
tiodel 370-4 electrochemistry system : 174A, polarographic 

inalyzer; 175, universal programmer; and RE 0074, X-Y recorder. 
Potentials are reported at 298 K relative to a saturated calomel 
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reference electrode (SCE) and are uncorrected for liquid 
junction potentials. A sealed all-glass cell was used. The 
auxiliary electrode, which consisted of a platinum flag sealed in 
soft glass, and the reference electrode were separated from the 
working solution by means of a fritted bridge filled with the 
same solvent and supporting electrolyte. Uncompensated solution 
resistance in the cell configuration was minimized by placing the 
tip of the reference electrode as close to the working electrode 
as possible and using an approximately constant ratio of 

[NBut ICIO. as supporting electrolyte and solute concentration 

4 4 

of (100:1). A PAR G0021 glassy carbon electrode was used as the 

working electrode. The system was calibrated [82] against 

ferrocene, and tris (2 , 2 ' -bipyridyl) iron (II) perchlorate. All 

measurements were made under an atmosphere of nitrogen. The 

potentials are reported as E, { E,=0.5(E +E )1. 

f f pa pc 

FAB-mass (positive ion) data were recorded on JEOL SX 
102/DA-6000 Mass Spectrometer/Data Systems using Argon (6KV, 10 

mA) as the FAB gas. The accelerating voltage was 10 kV and the 
spectra were recorded at 298 K. m-Nitrobenzyl alcohol (NBA) or 
glycerol was used as the matrix. Some of the matrix peaks that 
appeared when NBA was used were at m/z values of 136, 137, 154, 
289, 307 and in the case of glycerol the matrix peaks were at m/z 
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values of 93 and 185. For the metal complexes, the peaks always 
showed isotropic distribution. 

3.1.3 Synthesis of the cryptand, 

The synthesis of the cryptand was achieved in two steps as 

illustrated in the Fig. 3.1. The Schiff base precursor 
l' 

(hereafter L ) was synthesised by [2+3] condensation of tren 
with glyoxal in presence of Rb(I) or Cs(I) ion. The alkali metal 
ion brings together the reactive groups which then undergo facile 
condensation reaction leading to the desired product in 
appreciable yields. However, the alkali metal ion gets trapped 
inside the cryptand during its synthesis. Using a transition 
metal ion as the template do not give the desired Schiff-base. 
Only a mixture of indefinite composition is obtained. 

1 ' 

3.1.3a Synthesis of [LCRb]Cl, 1 

Tren (0.73 g; 5 mmol) and CsCl (0.42g; 2.5 mmol) were 

dissolved in methanol (500 ml) . To this stirred solution at 

50*^C, was dropwise added a solution of glyoxal (0.44g; 7.5 mmol) 

in methanol (200 ml) over a period of 8 hr. After the addition 

o 

was complete, the resulting solution was stirred at 65 C for a 
further 8 hr period. The resulting light yellow solution was 
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Fig. 3.1 Synthetic scheme for the ligand, 



cooled to room temperature, decolourised with activated charcoal 


and the volume reduced to 10 ml in a rotary evaporator. The 

solution was kept in a dessicator, over concentrated H SO , when 

1 was obtained as a colorless microcrystalline solid. Yield 60%. 

-1 

IR(KBr): A strong peak at 1650 cm is obtained corresponding to 

the imine linkages [83] . The Schiff base turns yellow in air in 
two days due to decomposition. 

3.1. 3b Synthesis of [L^ Rb]PF , 2 

o 

The compound 1 (0.48 g; 1 mmol) was dissolved in methanol 

(100 ml) and to this solution, excess NaBH. (0.50 g) was added 

4 

and refluxed for 4 hr. After the reflux was over, methanol was 

completely removed. To the resulting solid distilled water (20 

ml) was added and warmed. Then water was completely removed and 

the resulting residue was extracted with dry CH^CN (3 x 25 ml) . 

On evaporation of the CH^CN a gummy mass was obtained. This was 

dissolved in water (10 ml) and to this, NH.PF^ (0.1 g; 1 mmol) 

4 6 

was added, stirred for 10 minutes and the solution was filtered. 
On slow evaporation, colorless needles were obtained in 85% 
yield, m.pt. 125-127*^0. 

IR (KBr) : Two strong peaks at 850 and 565 cm ^ due [84] to 
anionic (PF ) was observed. The imine peak was absent ( Fig. 

D 
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3.2) . 


^H-NMR (400 MHz, DO, ppm): 4.8 (s, HOD); 3.21 ( s, 12H, H^) ; 

b a 

3.02 (s br, 12H, H ) and 2.7 (s br, 12H, H ). Designation of the 
protons are shown in the Fig. 3.1. Spectrum is shown in Fig. 3.3. 
3.1.3c S 3 riithesis of [Lc Cs]Cl, 3 

This was prepared by following the above procedure using 
CsCl instead of RbCl - Yield 55% (overall). 

1 c 

H-NMR (400 MHz, DO, ppm): 4.8 (s, HOD); 3.19 (s, 12H, H ); 3.09 

(s br, 12H, H^) and 2.7 (s br, 12H, H®) . 

3.1.4 Transmetallation Studies 

Transmetallation studies were done with the complex, 3 or 
its rubidium analogue . 

3.1.4a Synthesis of [LC Zn(II) .] (MO.) . , 4 

2 3 4 

To a solution of 3 (0.24 g; 0.5 mmol) in methanol (15 ml) 

was added [Zn(H„0) ,] (NO.,) „ (0.26 g; 1 mmol) in methanol (10 ml) 
2 4 3 2 

and refluxed for 30 minutes. Then the solution was filtered and 
the filtrate allowed to evaporate at room temperature. The 
colorless solid thus obtained was collected by filtration and 
recrystallized from acetonitrile. Yield 35%. 

^H-NMR (400 MHz, DO, ppm); 4.8 (s br, HOD); 3.59 (s, 12H, H^); 

A 

b a . 

3.30 (s br, 12H, H ) and 2.85 (s br, 12H, H ) . (Fig. 3.4). 
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400 MHz 




-NMR spectrum of 2; 


(a) the entire spectrum 


(b) resonance enhanced spectrum in the region 2. 6-3. 3 ppm 


46 




47 


Fig. 



3.1.4b Synthesis of [Lc Cu(II) ^ (CIO J ] (CIO J ,, 5 

2 4 4 3 

[Cu (H O) ] (CIO ) (1.1 g; 3 mmol) dissolved in methanol (50 

2d 4 2 

ml) was added dropwise to a warm solution (40°C) of 3 (0.51 g; 1 
mmol) in methanol (250 ml). After the addition was over, the 
resulting blue solution was allowed to reflux for 30 min and then 
cooled to room temperature- The blue microcrystalline solid that 
separated was collected by filtration and washed with dry 
methanol (30 ml). Yield 72%. 

3.1.4c Synthesis of [Lc Cu] (CIO.) . , 6 

4 2 

[Cu (H^O) . 3 (CIO . ) „ (0.37 g; 1 mmol) dissolved in methanol (10 
2 6 4 2 

ml) was added dropwise to a solution of 3 (0.51 g; 1 mmol) in 
methanol (50 ml) and after stirring for 30 minutes filtered. The 
filtrate on slow evaporation afforded a greenish blue solid which 
was collected and washed with cold methanol (10 ml) and air- 
dried. Yield 72%. 

The FAB-mass spectrum of 6 showed three prominent peaks around 
m/z 632, 532 and 431, which were due to the molecular ion, 

liberation of one and two perchlorate ions respectively. The FAB- 
mass spectrum is shown in Fig. 3.5. 

3.1.4d Synthesis of [htNidl)] (CIO^)^, 7 

4 2 

To a solution of 3 (0.26 g; 0.5 mmol) in methanol (25 ml) 
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was added a solution of [Ni (H.O) (CIO J ^ (0.18 g; 0.5 mmol) in 

2 6 4 2 

methanol (10 ml) and refluxed for an hour. After cooling to RT, 
the solution was filtered and allowed for slow evaporation which 
afforded the desired complex as a purple solid. The complex was 
recrystallized from CH^CN. Yield 68%. 

The FAB-mass spectrum of 7 showed three prominent peaks around 
m/z 625, 527 and 426, which were due to the molecular ion, 
liberation of one and two perchlorate ions respectively. The FAB- 
mass spectrum is shown in Fig. 3.6. 

3.1.4e Synthesis of [Lc Mn(II) ] (CIO ) ^, 8 

4 2 

Manganese (II) acetate tetrahydrate (0.25 g; 1 mmol) 
dissolved in methanol (10 ml) was added to 3 (0.51 g; 1 mmol) in 
methanol (20 ml) and refluxed for 90 min and the solution was 
then allowed to cool to room temperature. To this solution, 
sodium perchlorate monohydrate (0.24 g; 2 mmol) was added and 
stirred for 10 minutes. The almost colorless solid that crashed 
out was collected by filtration and recrystallized from dimethyl 
sulphoxide. Yield 80%. 

The FAB-mass spectrum showed two prominent peaks around m/z 524 
and 424 produced by the liberation of one and two perchlorate 
ions respectively. The spectrum is shown in Fig. 3.7. 
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Fig. 3.6 FAB-mass spectrum of the cryptate. 








Fig. 3.7 FAB-mass spectrum of the cryptate 


Analytical data for all the complexes are collected in Table 3.1. 


3.2 Results and Discussion 

3.2.1 Template action of Rb(I) or Cs(I) ion 

Cs(I)/Rb(I) ion acts as the template in the preparation of 
the cryptand, . In the process, the metal ion is trapped 
inside the cavity of the resulting cryptand. Like the 
structurally similar [2.2.2] cryptand [85] bearing the 

2 6 

donor set, the metal ion's radius and the cavity size match for 

the binding process. 

1 

The H-NMR spectrum of Cs(I)/Rb(I) cryptate showed three 

equal intensity peaks (Fig. 3.3) for the three kinds of protons 
a b c 

H , H and H (for designation of the protons refer to the Fig. 

3.1) present in the molecule. This indicates that symmetry is 

present in the alkali metal cryptates. The peaks due to the 
a b 

protons H and H are broad and the resonance enhanced spectrum 
(Fig. 3.3 ) shows ill resolved triplets for these protons. 

3.2.2 Transmetallation reactions 

The alkali metal ion trapped inside the cavity can be 
readily displaced by the ions studied. In this way, both 
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mononuclear as well as dinuclear cryptates have been synthesised. 


Dinuclear cryptates have been obtained with Zn{II) and Cu{II) 
when the corresponding metal perchlorate salt and the alkali 
metal cryptate are refluxed in methanol in 1:2 molar ratio. 
Cu(II) also forms a mononuclear cryptate when allowed to react in 
1:1 molar ratio at RT. Unlike the Cu{II) and Zn(II) ions, Ni(II) 
and Mn(Il) ions always form mononuclear cryptates irrespective of 
the molar ratio of the reactants. In what follows, 
characterization of the individual metal cryptates by different 
physicochemical techniques are described. . 

3.2.3 [L^Zn(II)^] (CIOJ,, 4 

2 4 4 

The molar conductivity of this complex was found to be 490 
- 12-1 

ohm cm mol in CH^CN at 295 K. While only a few conductivity 

data are available [86] for complexes other than 1:1 electrolytes 

-1 2 -1 

in acetonitrile, a value of above 450 ohm cm mol has been 
attributed [86] as the average value for 1:4 electrolytes. As 
complexes of zinc (II) do not have diagnostic electronic spectral 
bands, it is not possible in the absence of a single-crystal X- 
ray diffraction study to establish firmly whether the metal ions 
are inside or outside the cavity of the cryptand. We have not 
been able to grow suitable single crystals of this compound but 
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in the X-ray crystal structure of a related mixed dinuclear 
copper (ID -zinc (ID complex [87], the Zn(II) ion is bound to four 
nitrogens of a tren ligand. Also, solution studies [88] of 
Zn(II)-tren systems indicate that Zn(II) may be coordinated to 
the four nitrogens of the tren ligand. If the two Zn(II) ions 
are inside the cavity and each is bound to four nitrogens, then 
the proton NMR spectrum of the complex should be quite similar to 
that of the rubidium cryptate. This is found to be so with a 
slight downfield shifting of the three peaks observed (Fig. 3-4). 

3.2.4 [bt Cu(II).{C10 )] (CIO 5 

2 4 4 3 

The dicopper complex , 5 is stable in air and soluble in 

common organic solvents as well as water. The molar conductivity 

of the dicopper complex in acetonitrile is found to be 370 ohm 

1 2 “1 —1 2 “1 
cm mol at 298 K. A value of 380 ohm cm mol has been 

attributed [86] as the average value for 1:3 electrolytes. In 

this case, therefore, the dicopper complex can be formulated as 
1 

[L C Cu (II) 2 (CIO^) ] (CIO^) ^ with one perchlorate co-ordinated to 

copper (II) ion(s) in acetonitrile solution. 

In the infrared spectrum of the complex, strong signals 

-1 

appear at 1143, 1116 and 1090 cm besides moderately strong 

peaks at 1011, 996 and 818 cm The alkali-metal complex of the 
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ligand with chloride as counter ion does not absorb appreciably 
at these positions. It can be suggested, based on literature data 
[89,90] that both coordinated and uncoordinated perchlorates are 
present . 

Two ligand-field and one ligand-to-metal charge-transfer 

(LMCT) transitions are observed in the electronic absorption 

spectrum of the complex in acetonitrile at 298 K (Table 3.2). 

The spectrum is shown in Fig. 3.8. The shape and position of the 

ligand-field bands remain almost unchanged in DMF at room 

temperature. The strong band at 280 nm is attributed [91] to a 

<r(N) > Cu(II) LMCT transition. Of the two ligand-field bands, 

the stronger one appears at 750 nm while the weaker one appears 

at a higher energy (630 nm) . A regular trigonal-bipyramidal CuN_ 

5 

chromophore usually gives two ligand-field transitions [92] in 
this region with greater absorption intensity for the lower 
energy transition although exceptions to this general observation 
are known [93] . The shapes of the ligand-field bands agree well 
with the complexes [Cu(tren)X] (X = NCS or n = 1 or 2) 

where the coordination geometry around copper is trigonal 
bipyramidal [94] . The present macrobicyclic ligand may be 
considered as consisting of two tren units separated by two 
carbon spacers (Fig. 3.1). Two copper ions can be easily fitted 
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into the macrobicycle and the fifth co-ordination site is 

possibly provided by a bridged perchlorate. For trigonal 

bipyramidal geometry the ground state orbital [92,94] is d 2. 

z 

The absorption at 750 nm is then due to the transition, d ,d 2 

xy X - 

2 > d 2 which is allowed in or local symmetry and the 

y z 3 3h 

less intense one at 630 nm is due to the d , d >d 2 

xz yz z 

transition which is allowed in local symmetry only [94] . The 

relative intensities of the two bands are not very different 

which suggests [94a] that the effective local symmetry is lower 

than . The ligand-field bands are well separated from the 

3h 

charge-transfer band and so the high intesities of these 
transitions cannot be due to an intensity stealing mechanism 
[95]. However, if both the coppers are in a +2 oxidation state, 
the intensities are within the range found for trigonal- 
bipyramidal copper(II) complexes [94]. When this perchlorate 
complex is treated with six equivalents of sodium azide, the 
colour of the solution slowly changes to green at 296 K. After 4 
hr, the two ligand-field bands are replaced by a very broad 
signal (Fig. 3.9; Table 3.2) similar to that for 
[Ag(Cu(NH ) (SCN) )] in which the co-ordination geometry around 
Cu(II) is trigonal bipyramidal [96a]. Also a new band appears at 
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Fig. 3.8 Electronic absorption spectrum of the cryptate, 5 in 
acetonitrile 
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Fig. 3.9 Electronic absorption spectrum of the cryptate, 5 

in acetonitrile taken 4 hr after the azide treatment 




380 nm suggestive of azide co-ordination [48, 96b, c]. 

The effective magnetic moment value for the dicopper complex 

after applying diamagnetic corrections, is found to be 1.61 ( 

^ K T.) 303 K per copper which is slightly lower than for 

ef f ’ B 

discrete monomeric copper (II) complexes [96] and can be 

attributed to the existence of a weak antiferromagnetic 

interaction between the two copper (II) ions in the complex. 

The EPR spectral data of the complex are given in Table 3.3. 

The EPR spectrum in the solid state displays a broad signal (Fig. 

3.10) centred near 2 at room temperature with a very weak 

signal at g = 4 observed only at high power. The signal near gQ= 

2 becomes more asymmetric upon cooling to liquid-nitrogen 

temperature (77 K) as shown in Fig 3.10. The signal near g = 4 

could not be observed due to poor signal :noise ratio at high 

power. The solid-state spectrum is typical of magnetically 

concentrated copper (II) dimeric complexes [92a] and is not 

indicative of the solid-state stereochemistry. In the solution 

phase, the shape of the spectrum depends upon the solvent. At 

room temperature in acetonitrile, a seven-line spectrum centred 

at gQ= 2 is observed which coalesces to a symmetric absorption at 

-4 

77 K (Fig. 3.11). The A value is found to be about 74 x 10 

av 

-1. A seven-line spectrum at room temperature near g = 2 with 
cm 
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is also observed in DMF medium which at 77 K, 

7en-line spectrum (Fig. 3.11) with an increased 
-4 -1 

103 X 10 cm ) . The weak signal at g=4 is not 

ion. The EPR data can be explained as follows: 

s are in a +2 oxidation state and owing to poor 

ly a very weak interaction (2J > 0) exists 

ons. In this situation, the dominant mechanism 

e EPR spectrum is the dipolar interaction [97] 

Tjebweeir'XIle two Cu{II) ions. This splits the = +1 transition 

s 

at g^= 2 and the = ±2 transition at g = 4 appears as a weak 

signal. In acetonitrile solution, the seven-line spectrum is 

replaced by a broad signal at g^^* 2 at low temperature apparently 

due to structural changes upon cooling. Hunter et. al. [70] 

reported a seven-line spectrum for the dicopper Schiff-base 

complex in DMF as due to the presence of a single electron 

delocalised over the two copper centres. This would suggest a 

mixed-valence Cu(I)Cu(II) species despite the formulation of the 

1 

complex as [Cu^L (CIOJ J. These authors do not report any 

2 4 4 

signal near g = 4, nor do they report the spectra in acetonitrile 
solution. Reports are available describing multi-line EPR 
spectra and a six-line spectrum was obtained [93] for the complex 


>\Pl 




5 eCl 
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tCu(ntb) l3BF^.2MeOH.4H^O 
4 2 


[ntb 


tris ( 2- 


benzimidazolylmethyl) amine] at 77 K. A similar observation was 
made [98] in case of polycrystalline [Cu(N-CH CH NMe ) ]I]I doped 
into the isomorphous zinc salt where the shape of the spectrum 
persists up to 133 K. The spectra were rationalised by presuming 
some overlap of two sets of resonances from two Cu(II) centres 
with slightly different stereochemistries. It is obvious, 
however, that only an X-ray structural analysis of the dicopper 
complex can provide a clearer picture of the structure and 
bonding. On addition of azide to the dicopper cryptate, the EPR 
signal vanishes. 

Cyclic voltammetry of this complex at 298 K in acetonitrile 
-3 -3 

{ca. 1 X 10 mol dm ) show two anodic responses at +1.2 and 
+1.3V but no cathodic peak is found on scan reversal. When the 
voltage scan on the negative side is probed, two cathodic peaks, 
at -0.6 and -1.6 V are observed. However, on scan reversal, 
only a sharp peak appears at about -0.2 V attributable to the 
oxidation of copper deposited on the electrode. Similar 
observations have been made [99] on other Cu (II) -systems . An 
analysis of the cyclic voltammetric study is complicated due to 


the irreversibility of the electrode processes. 



6 


3.2.5 tLtcu(II)] (CIO^)^, 

4 2 

The FAB-mass spectrum (Fig. 3.5) gives a clear evidence for 
the formation of the mononuclear Cu(II) -cryptate. The base peak 

at m/z = 632 with isotropic distribution corresponds to the ion, 

1 “I 2 "“1 

[L Cu (ID ] (CIO . ) ] . The conductivity value of 242 ohm cm mol 

4 

in acetonitrile corresponds [86] to the 1:2 electrolytic nature 
of this complex. The infrared spectrum showed a strong and broad 
band centered at 1100 cm ^ attributable [100] to the presence of 
the ionic perchlorates. 

The electronic spectrum (Fig. 3.12) of this cryptate is 

consistent with a distorted octahedral CuN chromophore [101] . It 

6 

shows two broad d-d bands at 802 and 669 nm and one LMCT band at 

278 nm (Table 3.2). The charge transfer band at 278 nm is 

attributable [91] to the <r-(N) > Cu(II) transition. The Cu(II) 

ion is present here at the middle of the cavity bonded to six 

nitrogens in a distorted octahedral geometry. This gives rise 

[101] to two d-d bands: the lower energy band is due to the 

transition, d 2 >d 2 2 while the higher energy band is due to 

z X -y 

the transitions, d > d 2 2 and d ,d > d 2 2. The 

xy X -y xz yz x -y 

ligand field bands in this complex and in 5, show appreciable 

differences (Table 3.2). On this basis, the coordination geometry 

around Cu(II) for the two cases are likely to be different. The 

/ 
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€ {dm*^ mol cm 



mononuclear Cu(II) cryptate of the corresponding Schiff base 
analogue of the cryptand, L^, gives only one broad ligand field 
band [70] . 

The EPR spectral data of this complex are provided in Table 

3.3. The EPR spectra of the cryptate in solid state do not give 

any information about the geometrical feature of the Cu(II) ion. 

A broad band at g = 2.09 (at 298 K and 77 K) is obtained 

av 

(Fig. 3. 13). The 298 K solution spectrum of the cryptate in 

CH^CN shows a rhombic signal with g values of 2.19, 2.14 and 

2.06, due to the distorted environment around the Cu(II) ion. 

The g region showed ill-resolved hyperfine coupling (A = 70 x 
z z 

-4 -1 

10 cm ) . At 77 K the spectrum changes to an axial type (Fig. 

-4 -1 

3.13) with g^^ = 2.26 and gj_ = 2.13 with An = 65 x 10 cm , 

indicating a tetragonal geometry for the Cu(II) ion. However, the 
A, I value is quite small compared to typical tetragonal complexes 
[102] . A distortion of the coordination geometry away from 
tetragonal symmetry leads [103] to smaller value of A^ . The 
room-temperature effective magnetic moment of 1.92 
in agreement with a discrete mononuclear Cu(II) complex [104]. 

Cyclic voltammetric experiments on this cryptate are 
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side, no well-defined peak can be observed upto +1.64 V. However, 
on scanning in the negative side, two cathodic peaks occur at - 
0.7 and 1.4 V, although the corresponding anodic peaks are 
absent. Instead, a sharp and strong anodic peak at -0.2 V appears 
which is attributable [99] to the oxidation of metallic copper 
deposited on the electrode surface. Thus, electrochemically 
generated reduced products decompose instantaneously. 

3.2.6 [LCNidD] (CIO,)' , 7 

4 2 

1 

FAB-mass spectrum shows the base peak due to the ion, { [L 

+ - 12 - 
Ni](C10,)l . Conductivity data in acetonitrile ( 242 ohm cm mol 

4 

1 1 
) is consistent [86] with the formulation, [Lc Ni] (CIO ) . . The 

4 2 

cryptate formed with the Nidi) ion is found to be always 

mononuclear, irrespective of the concentration of the metal ion 

used unlike in the case of CudI). 

The infrared spectrum of 7 shows a strong and broad peak 

-1 

centering around 1100 cm attributable to the ionic perchlorates 
[100] . 

The room temperature (299 K) effective magnetic moment of 
2.82 indicates the metal ion is present in near 

octahedral geometry [104] ruling out the possibility of square 
planar or tetrahedral geometry. 
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The electronic spectrum of this cryptate is shown in Fig. 


3.14 while the data are given in Table 3.2. The spectrum in DMF 

3 -1 -1 

showed three low intensity (A < 40 dm mol cm ) bands at 

^max 

983, 573 and 346 nm and an medium intensity band (A = 480 

max 

3 -1 -1 

dm mol cm ) at 273 nm. The 273 nm band, being too high in 

energy to be a ligand field band, is assigned to >Ni(II) 

LMCT transition comparing with the mononuclear Cu {II ) -cryptate . 

A regular octahedral Ni(II) complex shows [105] three spin 

. . 3-1-1 

allowed transitions with intensities less than 30 dm mol cm 

Distortion from regular octahedral geometry is reflected by the 

intensities and sometimes by the splitting of these bands. Here, 

the Ni(II) ion is present in a very slightly different 

stereochemistry from octahedral as reflected by the intensities 

of the three ligand field bands. The bands can be assigned to 

3 

the transition originating from the A_ ground state to the 

2g 

3 3 3 

three excited states T^ , T^ and T. (P) . 

2g Ig Ig 

3.2.7 [LC Mndl) ] (CIO^)^, 8 

4 2 

This cryptate is air-stable and soluble only in DMSO. The 

FAB-mass spectrum of the complex shows (Fig. 3.7) a strong peak 

at m/z 524 with isotropic distribution corresponding to the -mono 
1 + 

cation, { [LC Mn(II) ] (CIO .) ) . The molar electrical conductivity 
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e ( dm^ moT^ cm 



-1 -1 2 

of the cryptate in DMSO is found to be 140 ohm mol cm 

corresponding to a 1:2 electrolyte [86]. 

The infrared spectrum of 8 shows a strong and broad peak 
-1 

near 1100 cm attributable to the presence of the ionic 
perchlorates [100] . 

The electronic spectrum of the cryptate in DMSO gives an 

3 -1 -1 

extremely low intensity (6 =3 dm mol cm ) band centering at 

max 

5 

about 850 nm. The ligand field transitions in a high spin d 
system (S=5/2) are both parity and spin forbidden [106] . This 
explains the extremely weak ligand field band for this Mn(II)- 
cryptate. In the solid state, the cryptate is pale pink in color 
in bulk quantities. The charge transfer transitions could not be 
located due to interference from the solvent. 

The room temperature (301 K) effective magnetic moment ( 
is 5.69 corresponding to a high spin (S=5/2) Mn(II) 
complex [104] . 

The EPR spectrum of the cryptate is shown in Fig 3.15 while 
the data are given in Table 3.3. The spectrum in the solid 
state, at 298 K, gave an anisotropic signal with the g values : 
g^ = 2.4 , g^ =1.9 and g^ = 1.6 . The anisotropic g valus 

suggest [107] that the symmetry around Mn(II) is lower than 
cubic. The 298 K solution spectrum shows a charateristic [107] 
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Fig. 




3.15 EPR Spectra of the cryptate, 8 at 298 K; 
(a) solid-state (b) in DMSO 
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six-line pattern centering at g = 2.01. The spectrum of the 
cryptate in DMSO glass (at 77 K) is very similar to the solid 
state spectrum at 298 K. 

The cyclic voltammogram of the cryptate in DMSO shows an 
irreversible cathodic peak at -0.75 V in the negative voltage 
scan. When the voltage scan is done in the positive direction an 
irreversible anodic peak appears at +1.0 V. Thus, both reduced 
and oxidised states undergo rapid decomposition. 

3 . 3 Conclusion 

The results discussed above indicate clearly that the 
octaazamacrobicycle can be synthesized in high yields using Rb(I) 
or Cs{I) ion as the template. The cryptand shows different 
recognition sites for different metal ions. For Cu(II) and Zn(II) 
ions, which readily form four-coordinate complexes, the 
recognition sites are at the two ends of the cavity that provide 

N. donor sets. In contrast, Nidi) as well as Mn(II) recognize 

4 

the middle of the cavity forming hexadentate cryptates with the 

MN chromophore. However, Cu(II) can form hexadentate CuN 
6 6 

cryptate as well. 
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Table 3.1 Elemental Analyses of the Complexes 


Cryptate Analysis (%) 




Found 


Calcd 



C 

H 

N 

C 

H 

N 

2 

35.25 

7.2 

19.5 

35.95 

7.05 

18.65 

3 

39.96 

7.63 

20.35 

40.10 

7.85 

20.78 

4 

28.60 

5.70 

21.95 

28.85 

5.65 

22.4 

5 

23.95 

4.65 

12.60 

24.15 

4.75 

12.50 

6 

34.45 

6.71 

17.32 

34.13 

6.68 

17.69 

7 

34.82 

6.13 

17.52 

34.39 

6.73 

17.83 

8 

34.10 

6.52 

18.34 

34.60 

6.78 

17.93 
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Table 3.2 Electronic Absorption Spectral Data of the Complexes 


Cryptate 

/nm 

max 

^ /dm mol cm 

max 


Assignment 

5 

750 

880 

d , 
xy 

d 2 2 > d 2 

X -y z 


630 

590 

d , 
xz 

d > d 2 

yz z 


280 

5570 

cr(N) 

> Cu(II) LMCT 


A 


5' 

680 (br) 

500 

d 2 2, 

d^ 7d 
xz yz 

d > d 2 

55^->d 2 ^ 

z 


380 

2150 

i 

1 

1 

1 

1 

> Cu(II) LMCT 


280 

3820 

o-(N) — 

— > Cu(II) LMCT 

6 

802 

280 

d 2 

z 

-> d 2 2 

X -y 


669 

210 

d ,d , 
xy xz 

d >d 2 2 

yz X -y 


278 

3800 

a-m 

-> Cu(II) LMCT 

7 

983 

26 

- 



573 

18 




346 

40 

> 

1 

1 

1 

1 

-> V (P) 

ig 


273 

480 

cr{N) 

-> Ni(II) LMCT 


* 

5' is the dicopper cryptate after treatment with sodium azide. 
The spectrum recorded after 4 hr. No further change in the 
spectrum was observed after 4 hr. 
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Table 3.3 BPR Spectral Data of the Cryptates 5, 6 and 8 


Cu 

Cryptate g Aqv 0, 8, 

av 12 

«3 



5 2.08 



(298 K solid sample) 

4.09* 




2.08 



(77 K solid sample) 

2.10 74 



(298 K in MeCN) 

7 lines 




2.09 



(77 K in MeCN) 

6 2.09 



(298 K solid sample) 

2.09 



(77 K solid sample) 

2.19 2.14 

2.06 

70 

(298 K in MeCN) 

aj.*2.13;3„ 

=2.26 

65 

(77 K in MeCN) 

8 2.4 1.9 

1.6 


(298 K solid sample) 

2.01 96 



( 298 K in MeCN) 

6 lines 




A; 

observable only at high gain 




Cu . -1 -4 

Unit for A is cm x 10 


t 
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CHAPTER 4 


SYNTHESIS OF A MACROBICYCLIC CRYPTAND HAVING DISULFIDE LINKAGES 
AND ITS COMPLEXING ABILITIES TOWARDS Cu(II) AND Ni (ID IONS 

Cryptands with more than one receptor sites provide systems 
to study polynuclear metal complexes [51,52,56,74]. Variation of 
ligand design can afford to give systems where the distances 
between metal ions can be varied easily [9] . In case of short 
distances between the metal ions, interactions between them can 
be probed. On the other hand, when th^ distance between the metal 
ions is significant, small substrates may be introduced between 
the two leading to its activation [53,55]. Multimetal centres are 
increasingly given attention [35] for their interesting magnetic 
properties and their role as catalysts in redox processes. 
Cryptands, besides providing multimetal pockets for the binding 
of metal ions, can also impose a coordination geometry onto metal 
ions owing to their inherent rigidity. Groups like a disulfide 
can lead to increased rigidity of the donor atoms of a cryptand. 
The ligand described in this chapter has a slipped ellipsoidal 
cavity as illustrated in Fig. 4.1. Two metal ions may enter the 
cavity to form dinuclear cryptates. The present cryptand is the 
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first known such molecule having three disulfide linkages 


incorporated in the rings. Metal-disulfide interactions have 
important bioinorganic relevance [77] . In the electron transfer 
reactions of metalloproteins , the metal disulphide interactions 
are believed to be involved 0.08] . The removal of excess 
copper, associated with Wilson’s disease, by administering D- 
penicillamine is predicted [109] to involve copper-disulfide bond 
formation. Model studies on metal-disulfide interactions would be 
helpful to understand these phenomena. Reports are available 
[110] the studies of Cu (I) -disulfide bonding. In contrast, 
Cu(II) [108,109,111] and Ni (II) -disulphide [112-114] interactions 
are only sporadically investigated. Also, detailed spectroscopic 
studies are absent on these systems. In recent years, other 
transition metal disulphide interactions have been reported [115- 
118] . All these involve multidentate ligands to enforce the 
disulfide interactions onto the metal ions. The present cryptand 
is synthesized using Cs{I) ion as the template by [2+3] Schiff 
base condensation of tren and diisobutyraldehyde disulfide 
followed by reduction with sodium borohydride. This cryptand has 
been treated with Cu(II) and Ni{II) salts in excess to isolate 
homo-dinuclear complexes. 


78 



4.1 Experimental Section 

4.1.1 Materials 

Reagent grade isobutyraldehyde , sulf uritionochloride , tris(2- 

aminoethyl) amine, CsCl, [Cu(H^O)^] (CIO [Ni(H„0)^] (CIOJ^ 

26 42 26 42 

sodium borohydride and picric acid were from Aldrich. These were 
used as received. All the solvents were from SD Fine Chemicals 
and were purified prior to use following standard methods [81] . 

4.1.2 Measurements 

Elemental analyses for C, H, N, and S were done at the 

13 

Central Drug Research Institute, Lucknow, India. C-NMR spectrum 
for the ligand was recorded in CDCl^ first at 20.1 MHz using a 
Bruker WP 80 machine and further confirmed by recording at 100 
MHz using a Bruker WM 400 spectrometer. All other physical 
measuremets were made as described in the section 3.1.2 in 
chapter 3 . 

4.1.3 Synthesis of the cryptand 

The cryptand synthesis was achieved via several steps as 
illustrated in the Schematically in Fig. 4.1. 

4.1.3a Preparation of diisobutyraldehyde disulfide 

The diisobutyraldehyde disulphide was prepared by the 
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Fig. 4.1 


Synthetic scheme for the cryptand, L 
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hermally induced radical reaction between sulfur monochloride 


ind isobutyraldehyde . The radical generated by the homolytic 

:leavage of the bond between sulfur and chlorine reacts with 

Isobutyraldehyde to give the diisobutyraldehyde disulfide. The 

reaction was performed following a modified literature procedure 

[119]. Freshly distilled isobutyraldehyde (5.8 g; 0.08 mol) was 

mixed with CCl ^ (15 ml) and warmed upto 40°C. To this warm 

4 

solution, sulphur monochloride (5.4 g; 0.04 mol) in CCl ^ (15 ml) 

4 

was added dropwise while stirring continuously. As soon as 

comes into contact with isobutyraldehyde, copius evolution of HCl 

gas takes place which was driven out of the reaction vessel by 

occasional passage of nitrogen gas. Total addition time was 2 hr 

and the temperature of the reaction mixture was maintained at 
o 

40 C for another 48 hr, for completion of the reaction. After 
this period, CCl^ was removed by distillation at low pressure and 
the resulting pale yellow thick liquid was washed several times 
with distilled water to remove dissolved HCl. Finally the desired 
product was obtained as a colorless liquid upon fractional 
distillation ( 15 mm; 90-100°C) . Yield 80%. 

^H-NMR (80 MHz, CDCl^,ppm) 1.4 (s, 12H, CH^) ; 9.1 (s, 2H, CHO) . 
The spectrum matches with the one reported [119] . 
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2 

fl.l.3b Preparation of the Schiff base, L 

Tris {2-aininoethyl) amine (0.73 g; 5 mmol) and CsCl (0.42 g; 

2.5 mmol) were dissolved in 3% aqueous tetrahydrof uran (400 ml) 

o 

by stirring and warming upto 40 C under an Argon atmosphere. To 

this stirred solution, was added a solution of diisobutyraldehyde 

disulphide (1.5 g;7.5 mmol) in tetrahydrof uran (150 ml) over a 

period of 6 hr and the resulting pale yellow solution was stirred 
o 

at 40 C for a further 6hr . Then all THF was removed at low 
pressure to obtain a colorless solid which was found to be 
unstable and decomposed to yellow flakes in contact with air. 
However, it could be used to synthesize the dicopper (II) cryptate 
which was found to be stable in air although highly hygroscopic. 

2 

4.1.3c Reduction of the Schiff base to the cryptand, L 

The Schiff base once formed was reduced in. situ by refluxing 

with excess of NaBH... To the Schiff base formed in the above 

4 

reaction, solid NaBH, (0-6 g) was added in portions over a period 

4 

o 

of 15 min at about 25 C. After the addition was complete, the 
solution was allowed to reflux for 8 hr. Then, tetrahydrof uran 
was completely removed at low pressure and excess NaBH^ was 
decomposed by shaking the residue with 10 ml of water. The 
desired cryptand being insoluble in water formed oily droplets 
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which could be extracted with chloroform (2 x 50 ml) - 


The crude 


ligand, L , obtained was finally purified by neutral alumina 

column. The major impurities were removed by eluting with CHCl^. 

The pure product was eluted with the mixed solvent, CHCl^ & MeOH 

(2:1 ratio by volume). Removal of the solvent gave a pale yellow 

oil in 52% yield. As reported [120,121] in the literature NaBH . 

4 

did not cleave the disulfide bond as evidenced by the FAB-mass 

spectrum (Fig. 4.2) which shows the molecular ion peak at m/z 

2 

816 corresponding to the cryptand L . 

1 

H-NMR (400 MHz, CDCl^, ppm), 1.35 (s, 36H, CH^) ; 2.6 (t, 12H,1); 
2.75 (overlapped t and s, 24H, 2 and 3). The spectrum is shown in 
Fig. 4.3. 

^^C-NMR (100 MHz, CDCl^, ppm) 27.5 (C 5), 47.5 (C 1); 49.6 (C 4) ; 

53.0 (C 2); 59.1 (C 3). The spectrum is shown in Fig. 4.4. The 

1 13 

atom numbers for both the H-NMR and C-NMR spectra are as shown 
in the Fig. 4.1. 

2 + 

FAB-mass: Found m/z = 816 [L ] . Calculated for C H N S is 

36 78 8 6 

815.46. 

2 

4.1.3d Hexa-picrate derivative of L 

The picrate derivative was prepared to further characterize 

2 

the cryptand. To a solution of L (0.20 g; 0.25 mmol) in 
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Fig. 4.2 FAB-mass spectrum of the cryptand. 
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100 MHz C~NMR spectrum of 




chloroform (10 ml) , was added a solution of picric acid (0.34 g; 
1.5 mmol) in benzene (10 ml) with stirring at 40°C. A bright 

yellow precipitate appeared immediately which was collected by 
filtration and dried in vacuo. Yield 85%. 

Analysis: Found C, 39.76; H, 4.19; N, 16.45 and S, 8.89 %. 

^72”96^26°42®6 ^®<3uires C, 39.49; H, 4.42; N, 16.63 and S, 8.78 
%. The elemental analysis indicates that it is a hexa-picrate . It 
has been found [122] by other wor)cers that an acid does not 

protonate the two bridgehead nitrogens easily. it can protonate 
only the secondary amino nitrogens present in the macrobicyclic 
rings. Therefore, the present result is consistent with the 

previous studies. 

VnMR (400 MHz, (d^-DHSO + CDCl^) , ppm): 1.3 (s, 36H, 5); 2.9 
(d, 12H, 1); 3.9 (overlapped t & s, 24H, 2 & 3) and 8.7 (s, 12H, 
aromatic). The spectrum is shown in Fig. 4.5. 

4.1.4 Complexation studies 

2 2 * 

The cryptand L or its precursor L synthesised does not 

include the Cs(I) ion as in the case of octaazamacrobicyclic 
ligand described in chapter 3 apparently due to the large size 
and the slipped nature of the cavity ( vide infra ) . Complexation 
of transition metal ions by this ligand can be easily achieved as 
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Fig. 4.5 400 MHz H-NMR spectrum of the hexa-picrate derivative 



described below. 


2 ’ 

4.1.4a Synthesis of [Lc Cu{II) (CIO . ) . , 1 

2 4 4 

A solution of copper perchlorate hexahydrate (0.37 g; 1 

2 * 

mmol) in MeOH (20 ml) was added to a solution of the ligand L 

(0.4 g; 0.5 mmol) in methanol (20 ml) and stirred for 10 minutes. 

Then chloroform (50 ml) was added to the green solution obtained 

o 

and kept at 5 C overnight. The green solid deposited was 
collected by quick filtration and dried in vacuo. Yield 40%. This 
complex was quite hygroscopic in nature. 

4.1.4b Synthesis of [L?l Cu (II) .] (CIO , 2 

2 4 4 

2 

The cryptand L (0.4 g; 0.5 mmol) was dissolved in ethanol 
(10 ml) and to this solution copper (II) perchlorate hexahydrate 
(0.37 g; 1 mmol) dissolved in ethanol (5 ml), was added with 
stirring at RT. The green solid crashed out was collected by 
filtration, washed with ice cold ethanol (3 ml) and vacuum 
dried. The green powder is slightly hygroscopic. Yield 54%. 

4.1.4c Synthesis of [Lc Ni (II) (CIO > ^ , 3 

2 4 4 

2 

To a solution of the ligand L (0.4 g; 0.5 mmol) in methanol 
(20 ml), a solution of nickel (Il)perchlorate hexahydrate (0.37 g; 
1 mmol) in methanol (10 ml) was added with stirring at RT. The 
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solution was stirred for a further 1/2 hr and methanol was 


removed in a rotary evaporator. The resulting purple powder was 
washed several times with water and vacuum dried. Yield 63%. 
Elemental analyses for the three complexes are given in Table 
4.1. 


4.2 Results and Discussion 

2 2 * 

4.2.1 The ligands L and L are the first set of cryptands with 

disulphide groups incorporated in the ligand architecture. They 

were prepared by one-pot [2+3] Schiff base condensation reaction 

between tr is {2-aminoethyl) amine and diisobutyraldehyde disulphide 

on Cs{I) ion template. However, when Rb(I) was used instead of 

Csd), no pure product could be isolated. The Cs(I) ion is not 

bound inside the cavity. This is due to the slipped nature of 

the cavity and the mismatch in size of the metal ion and the 

macrobicyclic cavity. The macrobicycle has a slipped ellipsoidal 

cavity, as evident from the CPK model owing to the three 

disulphide groups. The dihedral angle, described by the C-S-S-C 

framework, depends [123] upon the substituents on the °C-carbon 

o 

atoms. It is 90 in HSSH and in the case of diisobutyldisulphide 
dihedral angle is 69°. In the present case, the ®C-carbon atoms 
are also disubstituted like in diisobutyraldehyde. Therefore, the 
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dihedral angle of the C-S-S-C framework will be closer to 69*^. 

As a result, the two bridgehead nitrogens will not be coaxial. 

1 2 
The 400 MHz H-NMR spectrum (Fig. 4.3) of L is somewhat 

broadened owing to the slipped ellipsoidal structure of the 

cryptand. The spectrum in the expanded version shows a broad 

triplet at $2.6 and arises from the protons on C^. Another 

triplet at $2.75 which has totally different shape and symmetry 

and is double the intensity of the other triplet. This is 

because of the overlap of a singlet arising from the protons on 

C and a triplet arising from the protons on C . All the methyl 

groups appear as a singlet at $1.35. 

13 

The C-NMR spectrum (Fig. 4.4) is simple and shows 5 peaks 

corresponding to 5 kinds of carbon present in the molecule. 

The cryptand forms a hexapicrate derivative when six 

equivalents of picric acid is added to one equivalent of the 

cryptand. All the secondary nitrogens are protonated as shown by 

the downfield shift of the proton NMR signals for the protons on 

2 

C and C compared to that of the free ligand L . The protons on 
are also downfield shifted but the magnitude g 0 . 3 is much less 
compared to 6 1-25 for the protons on and The signal 

for the protons on appears as a broad unsymmetrical doublet 
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and those for the protons on and appear as a triplet which 
has no symmetry and explainable shape. The methyl groups appear 
as a singlet at ^1.4. The aromatic protons' resonance appear as 
a singlet at $8.7. 

4.2.2 Synthesis of dinuclear cryptates 

2 

As expected the cryptand, L , forms dinuclear cryptates with 

the metal ions CudI) and Ni(II) when two equivalents of a 

CudI) or a Nidi) salt is stirred with one equivalent of the 

2' 

cryptand. With the precursor, L , a dinuclear CudI) crypt ate has 
also been synthesised. The cryptates are characterised by 

different spectroscopic techniques which is discussed next. 

4.2.2a Dicopper Cryptates 1 and 2 

The molar electrical conductivity in acetonitrile for 1 and 

-1 2 -1 

2 were 495 and 510 ohm cm mol respectively at 298 K. These 

values are consistent [86] with the 1:4 electrolytic nature of 

the cryptates and thus can be formulated as [ACCu (11) (CIO^) ^ ( 
2 2 * 

A = L or L ) . Infrared spectrum of each exhibits a strong and 
broad absorption band centred around 1100 cm ^ attributable to 
the presence of anionic perchlorates. 

The electronic spectral data of 1 at 298 K in acetonitrile 
are collected in Table 4.2 while the spectrum is shown in Fig. 
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4.6. The free ligand 


does not absorb significantly at 


wavelengths longer than 280 nm. The spectral band positions do 

not change to any noticeable extent upon changing the solvent 

from acetonitrile to methanol implying no coordination by the 

solvent molecules. The electronic spectrum of the Schiff base 

dicopper cryptate showed 5 bands at 275, 385, 465, 605 and 745 

nm. The broad bands that occur at 605 and 745 nm are assignable 

to ligand field transitions of a hexadentate Cu{II) complex 

having approximately D., symmetry [124] . The strong band at 275 

3h 

nm is assignable as the cr(N) > Cu(II) charge transfer 

absorption involving an imine nitrogen and Cu(II). The rest two 
bands at 385 and 465 nm are too low in energy to be o-CN) — >Cu(II) 
LMCT transitions. A number of theoretical studies [123] suggest 
that the enregy difference between the two highest occupied MO's 
of a disulfide depend upon the substituents in the oC-carbon 
atoms. Accordingly, with the '^-carbon atoms bearing two methyl 
substituents, the energy difference between the HOMO and the 
SHOMO in the present cryptand should be about 0.65 ev. Taking 
this at its face value, the two bands at 385 and 465 nm are 
attributable to the LMCT transitions from the SHOMO and the HOMO 
respectively to the d-vacancy. The electronic spectrum of a CuN^S 
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chromophore built from an N^-macrocycle and a hydrosulfide 
(SSCH^CO" ) shows [125] two bands at 390 and 465 nm assigned as 
LMCT transitions originating from the two highest occupied 
orbitals of the hydrosulfide moiety. These two orbitals are well 
separated from the core-like orbitals. Also, a pentacoordinated 
Cu(II) complex with an acyclic ligand bearing one disulphide 
group in the middle and two terminal amino groups have been 
reported [111] where the fifth N is provided by N-methyl 
imidazole or CH^CN. This complex shows three strong bands located 
at 275, 335 and 445 nm. Although no hexadentate Cu(II) complex 
with disulfide as one of the ligands has been studied 
spectroscopically, the bands at 385 and 465 nm are assigned as 
the LMCT transitions involving disulfides and Cu(II). 

The cryptate, 2, shows five bands at nearly the same 
positions (Table 4.2) as in the case of 1 except the d-d bands 
which are slightly red shifted here- These bands are similarly 
assigned. The spectrum is shown in Fig. 4.7. 

The effective room temperature magnetic moment values ^ 

JU. ) are found to be 2.04 and 1.98 per copper for 1 and 2 
B 

respectively. These values indicate the absence of magnetic 
interaction between the two Cu{II) centres even though they are 
bridged by three disulphide groups. Due to the slipped 
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ellipsoidal nature of the cavity, the possibilities for magnetic 
interaction either by super exchange pathway or by direct overlap 
of orbitals of Cu(II) centres are absent. 

The EPR spectral data are given in Table 4.3 while the 

spectra in solution are shown in Fig. 4.8. The electron 

paramagnetic spectra at 298 and 77 K of the complexes 1 and 2 in 

the solid state show only broad bands near 2 and are not 

indicative of the stereochemistry of these cryptates. At 298 K, 

the spectra in CH^CN show characteristic four-line signals near 

2 for both 1 and 2. No signal near g = 4 is found either in 

the solid state or in solutions of 1 and 2 which indicates that 

there is no interaction between the metal centres. Even residual 

interactions, including magnetic dipolar interactions as small as 

a few wavenumbers can be enough to yield spectra very different 

from the spectra of individual spins [126] . At 77 K in 

acetonitrile glass, each spectrum changes to an axial one 

indicating the presence of a three-fold symmetry around the metal 

ions. The spectra are consistent with the d 2 2 ground state for 

X -y 

the metal ion. In case of hexadentate CuN complexes which show 

6 

static Jahn-Teller distortion, the EPR spectra are significantly 
rhombic in nature [127] . Since the spectra are axial in these 
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cases, it is concluded that the donor atoms in the cryptand being 

neoplastic, are able to overcome the Jahn-Teller distortion 
Cu 

forces. The values are small as each Cu(II) is bonded to 

three sulfurs which are known [128] to reduce hyperfine coupling. 

The electron transfer properties of the two dicopper 

cryptates were probed by cyclic voltammetry at 298 K in 

acetonitrile. The cyclic voltammogram (Fig. 4.9) of the cryptate 

1 shows a quasi-reversible response at E, = +0.14 V with <E =95 

f P 

mV. In case of 2, the response (Fig. 4.9) occurs at E^ = -0.17 V 

with Ae = 115 mV. The following characteristics were observed : 
P 

value increases by 35 mV ( for 1) and 40 mV (for 2) with the 

increase in the scan rate from 100 mVs ^ to 200 mVs i /i 

pa pc 

1.1 at all the scan rates employed. The free ligands do not show 

any redox activity in the region, -0.5 to +0.5 V. Also, the 

corresponding dinickel cryptate does not show ( vide infra) any 
cyclic response in the same region. Thus, the responses are 
attributed to be metal-centred. The difference in the values 

of 1 and 2 is due to the difference in <r-donor ability [129] of 
the amine nitrogens compared to the imine nitrogens. Due to 
increased '^-donor ability of the amino nitrogen compared to that 
of imine nitrogen, the Cu(I) state is more destabilised and the 
reduction occurs at negative potential with increased ^ E . The 
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Fig. 4 


E/V ys.s.ce 


9 Cyclic voltammogram of the dicopper cryptates at 
mV s 


(a) for 1 (b) for 2 



exhaustive controlled potential coulometric experiments done on 1 
at -0.06 and on 2 at -0.35 V gives n = 1.96 and 1.99 e 
respectively. These results indicate that the cyclic responses 
are associated with the transfer of two electrons and the two 
Cu(II) centres are undergoing reduction at the same potential for 
both 1 and 2. When quickly frozen in liquid nitrogen temperature, 
no EPR signal of the reduced product can be observed in either 
case. The cyclic responses are, therefore, assigned to the 
following redox reactions : 


2 ' 

[LCCudD^] 
[LC Cudl)^] 


4+ 

... 

.s' , , ,2+ 

+ 

2e 

= [LCCud)^] 

4+ 


2 2+ 

+ 

2e 

= iLcCud)^] 


Redox data are available [130] for the dicopper complexes with 
cryptands incorporating one or two tren units. CuClI) is 
tetracoordinated with four nitrogens from the tren unit in these 
systems where the counter ion is perchlorate. In such systems, no 
cyclic responses are seen either in the positive or in the 
negative scan implying instantaneous decomposition of the 
oxidised or the reduced species formed. Our results indicate that 
each copper ion is hexacoordinate through three nitrogens and 
three sulfurs in a grossly trigonal prismatic fashion and the 
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sulphur coordination results in quasi-reversible response in 
cyclic voltammogram since sulphur coordination known to 
destabilise Cu{II) oxidation state [131]. 

4.2.2b Dinickel Cryptate, 3 

2 

The ligand L which provides two donor site for Cu{II) 

can provide the same sites to Ni{II) also, since Nidi) prefers 

hexacoordination over distorted tetrahedral which will be the 

case if the metal ion recognizes the N. donor site at the two 

4 

ends of the cavity. As expected, when two equivalents of nickel 

perchlorate hexahydrate was allowed to react with one equivalent 

2 

of the cryptand L , a dinickel cryptate readily formed as a light 

purple solid. The solid is slightly hygroscopic. Its molar 

conductivity in acetonitrile is 520 ohm"^ cm^ mol"^ that 

corresponds [86] to a 1:4 electrolyte. In the infrared spectrum, 

a strong and broad absorption band appears centering at about 
-1 

IlOO cm indicating [100] the presence of anionic perchlorates. 

The electronic spectral data of 3 is collected in Table 4.2 
and shown in Fig. 4.10. Three ligand field transitions are 
observed for the dinickel complex. The model studies indicated 
that the geometry around each Nidi) ion would be closer to 
trigonal prismatic. For trigonal prismatic arrangement of donor 
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Fig. 
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atoms around Nidi), three spin allowed transitions [132] are 


3 3 

expected : , 

2g 2g 


J 3 

A_ — > and 

2g Ig 




Intensities of these transitions usually lie below 100 dm mol 
^cm ^ which is also observed here. The absorptions due to LMCT 
transitions involving disulfide and Ni(II) have not been 
reported. These bands are expected to occur at higher energies 
compared to the transitions observed in case of 1 and 2 because 
of lower optical electronegativity of Ni(II) with respect to 
Cu(II) in the same coordination symmetry [133]. A shoulder 
appears at 405 nm which should be a LMCT transition involving 
the disulfides and Ni(II). The corresponding band in the 
cryptates, 1 and 2, appears around 485 nm. The other LMCT bands 
in 3 are mixed with the intra-ligand transitions. 

The room temperature magnetic moment 
nickel. This value lies within the normal range for trigonal 
prismatic Ni{II) complexes [132]. This value also suggests that 
there is almost no magnetic interaction between the two Nidi) 
centres . 

The cyclic voltammetric experiments were performed on 3 in 


acetonitrile at 298 K. On scanning in the negative side a 


cathodic peak appears at -0.55 V but the corresponding anodic 
peak is absent. When scanned in the positive side, two anodic 
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peaks at +0.95 and +1.45 V are observed although no corresponding 


cathodic peaks are seen. The cyclic voltammetric results indicate 
that the oxidised and the reduced species formed 
electrochemically undergo instantaneous decomposition. 

4 . 3 Conclusion 

This study provides the first example of a cryptand having 
three disulfide linkages incorporated in the rings. This cryptand 
is theoretically capable of acting as a multi-site receptor. 
However, both Cu(II) and Nidi) recognize the site that provide 
N 3 S 3 coordination. The two metal ions behave independently 
because of the slipped ellipsoidal structure of the cryptand. 
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'able 4.1 Magnetic Moment (301K) and Elemental Analysis of the 
Cryptates 


'ryptate 

/eff^B 

C 

Found 

H N 

Analysis 

S C 

Calculated 

H N 

s 

L 

2.04 

32.71 

5.27 

8.19 

14.32 

32.55 

5.01 

8.44 

14.48 

2 

1.98 

32.62 

5.71 

8.49 

14.26 

32.26 

5.87 

8.36 

14.35 

3 

2.9 

32.81 

5.86 

8.67 

14.58 

32.5 

5.91 

8.42 

14.46 
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1.2 Electronic Absorption Spectral Data of the Cryptates 


■yptate 

X /nin 

' 'max 

^ax 

/dm mol cm 

Assignment 

1 

745 


376 

.^2 ^,2 2 
dz >dx -y 


605 


516 

2 2 

t2^— >dx -y 


465 


1010 

(S2)“>Cu{II) LMCT 


385 


2010 

(S2)-->Cu(II) LMCT 


275 


5400 

cr(N)— >Cu(II) LMCT + 
intra-ligand absorption 

2 

lie 


420 

2 2 2 
dz >dx -y 


633 


502 

2 2 
>dx -y 


460 


1339 

(S^) — >Cu(II) LMCT 


385 


1922 

(S2)-->Cu{II) LMCT 


288 


5370 

<r(N)— >Cu(II) LMCT 
intra-ligand absorption 

3 

925 


63 

— >^T 

2g 2g 


856 


63 

3 3 

— > T^ 

2g Ig 


552 


60 

^A. — >^T, (P) 

2g Ig 


405 


102 

(S^) “>Ni(II) LMCT 


262 


8925 

(r(N)— >Ni{II) LMCT + 


Intra-ligand abso^tlon 
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Table 4 . 3 EPR Spectral Data of the Dicopper Cryptates 


Cryptate g 

av 

A av 

3i. 

Ox 

A\i 


1 2.09 

- 

- 

- 

- 

(298 K solid sample) 

2.08 

- 

- 

- 

- 

(77 K solid sample) 

2.10 

60 

- 


- 

(298 K in MeCN) 

- 

- 

2-35 

2.09 

110 

(77 K in MeCN) 

2 2.08 

- 

- 

- 

- 

(298 K solid sample) 

2.07 

- 

- 

- 

- 

(77 K solid sample) 

2.11 

63 

- 

- 

- 

(298 K in MeCN) 

- 

- 

2.36 

2.09 

114 

(77 K in MeCN) 

Cu 

Unit of An is 

-1 

cm X 

10-* 
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Chapter 5 


SYNTHESIS OF CRYPTANDS WITH HETERO-PITOPTr RECEPTOR SITES AND 
THEIR COMPLEXING ABILITIES TOWARDS Ni(II) .Cu(Il) ^Zn(II) IONS AND 

HO MOLECULE 

4a 

Cryptands having two identical donor sites form homo- 
dinuclear cryptates in which the metal centres show similar 
redox, magnetic and structural properties when they are far apart 
or the individual properties change according to the influence of 
the one metal ion on the other. When the cryptand has two 
binding sites of different nature, hetero-dinuclear cryptates can 
be isolated. Also, if a metal ion recognizes only one site 
leaving the other site empty, then small molecules or charged 
fragments can occupy this vacant site. The metal ion already 
included inside the cavity can influence such binding processes 
or it might be the inherent property of the vacant site itself 
to bind such molecules or ions. In this way, unstable molecular 
fragments (or) gaseous molecules like CO, H^S etc. can be 

fixed in the cavity. This kind of cavitand chemistry might afford 
to investigate the electronic structure and bonding of the 
resulting complexes which might otherwise not be possible due to 
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their highly unstable nature. Moreover, they can find application 
in controlling environmental pollution by acting as scavangers . 
It is also possible for the metal binding site to impose an 
unusual coordination geometry onto the metal ion, which is 
possible by judicious choice of donor atoms ' topology and provide 
rigidity to the ligand structure. In that case, the electronic 
properties of the metal ion can be tuned to activate the bound 
species. Macrobicycles with hetero-ditopic receptor sites, where 
one subunit provides N{S) donor atoms and the other subunit 
provides O donor atoms, may present a way to the kind of studies 
mentioned above. The site with N(S) donors can recognise a 
transition metal ion leaving the other site empty for small 
molecules or ions. 

This chapter is divided into three sections. The section A 

describes the synthesis of a hetero-ditopic macrobicyclic 

cryptand with donor sets of N. and NO^ at the two end (Fig 5.1) 

4 3 

and flat benzyl groups between them. The tripodal subunit 

imposes a pseudotetrahedral geometry onto metal ions like Cu(II) 
and Ni(II). The vacant site can recognise and H^S which have 

been studied spectroscopically. 

Section B describes the synthesis of another hetero-ditopic 


109 



receptor with same sets of donor atoms as in Section A but the 
bridging units here are naphthyl instead of benzyl groups. The 
receptor properties towards the metal ion Zn{II), Cu{II) and 
Ni(II) have been probed. The electronic spectroscopy reveals the 
effect of naphthyl bridges instead of benzyl bridges on 
coordination geometry of these metal ions. An air-stable Cu(II) 
complex with H^S included inside the cavity has also been 
characterised. 

Section C discusses the molecular recognition properties of 

3 4 

the two crypt ands towards H^O. Both the cryptands, L and L , 
give single crystals where one water molecules is included inside 
the cavity. A novel water cryptate with the cryptand, has been 
studied by x-ray crystallography. 

SECTION A 

5 . 1 Experimental Section 

5.1.1 Materials.- Reagent grade salicylaldehyde, tris(2- 
aminoethyl) amine and triethanolamine (Aldrich) were used as 
received. Thionyl chloride, NaBH^ and all the solvents (SD Fine 
Chemicals, India) were purified prior to use following standard 
procedures [86] . 
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5.1.2 Methods. Elemental analysis for C, H, and N were done at 
the Central Drug Research Institute, Lucknow, India. 
Physicochemical data on the complexes were collected as described 
in chapters 3 and 4. 

3 

5.1.3 Synthesis of the Cryptand, L 

Synthesis of the cryptand (L ) was attempted following two 
different routes as shown schematically in Fig. 5.1 and 5.6. In 
either scheme, the synthesis involves a number of steps. The 
synthesis according to the Scheme outlined in Fig. 5.1 is 
described next. 

5.1.3a Tris (2-chloroethyl) amine hydrochloride 

This compound was prepared by following a literature 
procedure [134]. Triethanolamine (4.6 g; 3 mmol) was 
dissolved in chloroform (10 ml) and added dropwise with stirring 
to a solution of thionyl chloride (14.7 g; 0.12 mol) in 
chloroform (10 ml). After the addition was complete, the reaction 
mixture was stirred for another 1 hr and the volatile components 
of the reaction mixture were distilled off. The crystalline mass 
left behind was recrystallised from acetone. Yield 92%. m.pt. 
128°C (lit. 127-130°C). 


Ill 






Fig. 5.1 Synthetic scheme for the cryptand, L 
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5 -1.3b TrisI [2- (2-ben2aldehyde) oxo] ethyl } amine 

To a solution of salicylaldehyde (0.12 g; 1 mmol) in EtOH 

(50 ml) was added crushed NaOH (0.16 g; 4 mmol) which dissolved 

upon stirring at RT for 30 minutes. Tris (2-chloroethyl) amine 

hydrochloride (0.08 g; 0.33 mmol) was then added to the above 

solution at RT. A small amount of NaCl deposited almost 

immediately- To complete the reaction, the mixture was heated 

under reflux for 2 hr. The product crashed out as a light brown 

solid when the mixture at ambient temperature was poured into 

cold water (50 ml). The compound was collected by filtration 

and purified by recrystallisation from hot EtOH as colourless 

o -1 

solid. Yield 80%. m.pt. 84-85 C. a. /cm 1660 (C=0) . 

Vmax 

^H-NMR ( 80 MHz, CD CN, ppm): 3.4 (t, 3 NCH ) ; 4.4 (t, 3 OCH ) ; 

<3 4b A 

7.5 (m, 12H, aromatic) and 10.6 (s, 3H, 3CHO) . The spectrum is 

shown in Fig. 5.2. 

Analysis: Found C, 69.91; H, 6.02 and N, 3.12%. ^27^27^^6 

requires C, 70.27; H, 5.90; and N, 3.03%. 

3 

5.1.3c Synthesis of the Cryptand, L 

/ 

3 

The cryptand, L was synthesised by tripod-tripod Schiff 
base condensation of the tris { [2- (2— benzaldehyde) oxo] ethyl } amine 
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Fia. 5.2 80 MHz H-NMR spectrum of the trialdehyde 



and tris { 2-aininoethyl ) amine in presence of Cs(I) ion as the 

template. In absence of the Cs(I) ion, no pure product could be 

isolated. The Schiff base, (L ) being unstable was reduced in 

situ by refluxing with excess NaBH^ . The experiment was 

performed as follows: The tris{[2-(2- 

benzaldehyde)oxo] ethyl} amine (0.46 g; 1 mmol) and CsCl {0.17g; 1 

mmol) were dissolved in MeOH (200 ml) by warming upto 40°C. To 

this solution was added a solution of tris (2-aminoethyl) amine ( 

0.15 g; 1 mmol) dissolved in MeOH (75 ml) in a dropwise manner 

over a period of 5 hr while stirring the reaction mixture 

continuously. The temperature of the reaction solution was 

o 

maintained at 40 C during addition. After the addition was 

complete, the reaction mixture was allowed to reflux for 3 hr. 

Reduction of the Schiff base was achieved by refluxing with 

excess of NaBH. for 4 hr. Then, MeOH was removed in a rotary 
4 

evaporator and the residue shalcen with water (20 ml) . The 

desired crypt and was extracted with CHCl^ (2 x 50 ml) , the CHCl^ 

layer dried over anhydrous Na^SO^ and finally the ^^^^3 

3 

removed to obtain (L ) in overall 70% yield as a pale yellow oily 
liquid. It was found to be air-stable and was almost 
analytically pure. 

H-NMR (80 MHz, CDCl^, ppm): 2.5(m, 12H, a & b) ; 3.2 (t, 6H, e) ; 
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3.6 (s, 6H, c) ; 4.1(t, 6H, d) ; 7.1 {m, 12H, aromatic). The 

spectrum is shown in Fig. 5.3. 

13 

C-NMR (20.1 MHz, CDCl^, ppm): 47.06(30, a); 48.60(30, e) ; 

54.37(30, b) ; 55.30(30, c) ; 67.55(30, d) and 111.29, 120.63, 

127.16, 128.70, 131.33, 156.35 (aromatic). The spectrum is shown 

in Fig. 5.4. 

3 • + 

FAB-mass: m/z = 560 [L ] (Fig. 5.5). 

5.1.3d Alternate Route to the Synthesis of 

The route is shown schematically in Fig. 5.6. This route was 
followed to study the efficiency of 0-0 bond formation in the 
tripod-tripod coupling reaction. 

5.1.3e Synthesis of tris (salicylideneamino) ethyl) amine (SALTREN) 
This was prepared following a literature procedure [135] . 
Tren (1.5 g; 10 mmol) in EtOH (25 ml) was added to a stirred 
solution of salicylaldehyde (3.6g; 30 mmol) in diethyl ether (25 

ml) . A yellow precipitate crashed out immediately. The reaction 
mixture was kept at 5°0 for 2 hr and then the Schiff base was 
collected by filtration, washed with diethyl ether and air-dried. 
Yield 91%. m.pt. 82-83°0 (lit. 82-83®0) . IR(KBr) : 1550cm“ (s) , 

Vc=N ^C=C ' 
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1 3 

Fig. 5.3 80 MHz H-NMR spectrum of the cryptand, L 
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Fig. 5.5 FAB-mass spectrum of the cryptand 



Fig. 5.6 Alternative synthetic scheme for the cryptand, L 
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5.1 -3f Preparation of KBH^ 

It was synthesized following a literature method [136] .To a 

solution of NaBH^ {7,4 g; 20 mmol) in water {13 ml), a solution 

of KOH {13.3 g; 2.0 mmol) in water {11 ml) was added and stirred 

for 10 minutes. The white solid that separated was filtered under 

N and washed with ice cold 95% methanol and dried in vacuum at 
2 

80°C. Yield 75.5%. Decomposes at about 500°C. 

5.1.3g Synthesis of tr is (( (2-hydroxybenzyl) amino) ethyl) lunine 
(reduced SALTRKN) 

This was prepared also following the published procedure 

[135]. Na B O {1.0 g) was added to a solution of saltren {2.3 g; 

3 '4 7 

5 mmol) in methanol {75 ml) and stirred. To this solution, solid 

KBH (1.06 g; 20 mmol) was added in small portions over 30 
4 

minutes. The reaction mixture was stirred for another 2 hr. The 
solvent was removed under low pressure, the residue treated with 
a solution of NH^Cl (5 g) in water (50 ml) and finally the 
desired compound was extracted with chloroform (3 x 50 ml) . The 
chloroform layer was washed with water and dried over anhydrous 
Naso^. The removal of chloroform followed by vacuum-drying 
afforded a yellov solid. Yield 79*. e.pt. 44-47°C <lit. 45-47°C) . 
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5.1.3h Tripod-Tripod Coupling of Reduced SALTREN and Tris{2- 
chloroetliyl)a»ine hydrochloride in Presence of CaH 

2 

Reduced SALTREN (0.29 g; 0.5 mmol) was dissolved in THF (300 
ml) and to this solution, solid CaH (84 mg; 2 mmol) was added 

O 

and stirred well at 70 C. Tris (2-chloroethyl) amine hydrochloride 
(0.12 g; 0.5 mmol) in THF (150 ml) (dissolved by warming) was 
added dropwise over a period of 5 hrs and resulting mixture was 
stirred at 70°C for another 12 hr. Then THF was completely 
removed and the residue obtained is shaken with water (25 ml) and 
extracted with CHCl^. The chloroform layer was dried over 
anhydrous Na SO and filtered. The filtrate on removal of CHCl^ 
gave a yellow oily liquid. ^H-NMR (80 MHz, CDCl^) was taken on 
this sample. However, it was found to be mixture of products that 
included the desired cryptand. The FAB-mass spectrum showed the 
presence of the desired cryptand ( m/z =560) only as a minor 
peak. 

5.2 Synthesis of Metsl Cryptates 

The cryptand readily forms solid complexes with metal ions 

like Ni(II), Cu(II) and Zndl)- With FedI) and Mn(II) it gives 

_ em^ther in the present 

only glassy products which were not probed ru 

research. 
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3 

5 2.1 SjBthesis of [L C Zn (II) ] (CIO ) , 1 

4 2 

[Zn (H^O) 2 {0-16 g; 0.5 mmol) in MeOH (20 ml) was 

slowly added to a stirred solution of the ligand (0.28 g; 0.5 
mmol) in MeOH (25 ml) at RT. A white solid precipitated out 
immediately which was collected by filtration, washed with MeOH 
and air-dried to obtain the desired product in 70% yield. 

^H-NMR (80 MHz, CD CN , ppm): 2.85 (s br, 12H, a & b) ; 3.2 (t, 6H, 

J 

e) ; 3.9 (s, 6H, c); 4.3(t, 6H, d) and 7.2 (m,12H, aromatic). 
FAB-mass spectrum (Fig. 5.7) for this cryptate showed two 
prominent peaks around m/z values of 722 and 622 corresponding to 
the ions formed by the liberation of one and two perchlorate 
anions respectively. 

5.2.2 Synthesis o£ CL c CuClI) ] {CIO ) 2 

4 J 

A solution of [Cu (H^O) .] (CIO ) ,_ (0.18 g; 0.5 mmol) in MeOH 

2 o 4 2 

3 

(15 ml) was added to a stirred solution of (L ) ( 0.28 g; 0.5 
mmol) in MeOH (30 ml) at RT. A greenish-blue solid precipitated 
out immediately which was collected by filtration, washed with 
MeOH (20 ml) and air-dried. Yield 80%. 

FAB-mass spectrum (Fig. 5.8) showed two prominent peaks around 
m/z 721 and 622 like in the case of cryptate, 2. The peaks 
correspond to the ions generated by the liberation of one and two 
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perchlorate ions respectively. 

, 3 

5.2.3 SyBthesis of [LC Ni (II) } (CIO ) , 3 

4 2 

This complex was prepared as above by treating 
[NiCH^O) g3 . (ClO^) 2 ^ ^ in warm (40°C) MeOH. The complex was 

obtained as a blue-violet solid in 68% yield upon partial 
evaporation of the solvent. 

FAB-mass spectrum (Fig. 5.9) again showed two prominent peaks 
around m/z 716 and 616 corresponding to the ions formed by the 
liberation of one and two perchlorate ions respectively. 

5.2.4 Synthesis of (lI: Cu(II) (N,)] (CIO.) , 4 

3 4 

Cryptate, 2 (0.21 g; 0.25 mmol) was dissolved in 
acetonitrile (20 ml) and stirred with a solution of NaN^ (0.16 g; 
0.25 mmol) in water (2 ml) . Colour of the solution immediately 
changed to dark green which on evaporation afforded a dark green 
solid in 80% yield, 

FAB-mass spectrum (Fig. 5.10) showed peaks corresponding to the 
ions generated by the liberation of the azide group (m/z 723) and 
then by the liberation of the perchlorate group (m/z 622). The 
FAB-mass spectral result suggests that the azide group is not 
very strongly bound to the cryptate - 
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FAB mass spectrum of the cryptate^ 






a jcr 3 c Ti ^ c u li 


Fig. 5.10 FAB-mass spectrum of the cryptate 


5.2.5 Synthesis of [L^ HI (IIHN ) ] (CIO) , 5 

3 4 

Crypt ate, 3 (0.21 g, 0,25 mmol) dissolved in warm methanol 
(35 ml) was stirred with a solution of NaN^ (0.16 g; 0.25 mmol) 
in water (2 ml) . Colour of the solution changed to blue~purple 
which yielded blue-purple solid in 73% yield on slow evaporation 
at RT. 

FAB-mass spectrum (Fig. 5.11) like in the case of 4 , showed the 
peaks due to the ions generated by the liberation of the azide 
(m/z 716) followed by the perchlorate group (m/z 616). 

3 

5.2.6 Synthesis of CbC Cu(II) (N^) ]N^, 6 

Cryptate 2 (0,21 g; 0.25 mmol) in acetonitrile (35 ml) when 
treated with a solution of NaN^ (0-32 g; 0.5 mmol ) in water (3 
ml) afforded 6 as a dark green solid in 76% yield. 

5.2.7 Synthesis of [L?: Hi (II) (N,)]N_ , 7 

This complex was synthesized from the cryptate, 3 as above 
in aqueous hot MeOH as blue-purple solid in 64% yield. 

5.2.8 Synthesis of £lI: Cudl) (H^S) ] (CIO^) 8 

H^S gas was passed through a solution of 2 (0.42 g, 0.5 

mmol) in acetone (15 ml) for 5 minutes at 293 K. The dark green 
solution which formed, gave dark green solid on slow evaporation 
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in about 60% yield. 


FAB~niass spectrum (Fio. 5.12) showed three peaks due to the ions 
generated by the liberation of one perchlorate (m/z 762), 
liberation of two perchlorates ( m/z 660 ) and finally liberation 
of H^S (m/z 622} . The base peak corresponded to the free ligand. 
CuL^{H S)4-2h'*’; 662, CuL^ ; 560, L^. 

A 

Elemental analyses for the cryptates are collected in Table 5.1. 

5.3 Results and Discussion 

3 

The hetero-dxtopic cryptand L was prepared by tripod-tripod 

Schiff base condensation of tren and trialdehyde in presence of 

Cs(I) ion as the template followed by reduction with NaBH^ . The 

Schiff base was highly unstable and so it was reduced in situ 

with NaBH, - The reaction is very facile as evident from the 70% 
4 

yield of the cryptand. The two tripod units are ideally oriented 
in presence of Cs{I) ion for the coupling reaction. In the 
absence of Cs(I) ion, no product of definite composition could 
be isolated. This clearly indicates the vital role of Cs(I) ion 
in this reaction. It is of importance to note that the product 
isolated was analytically pure. The^H NMR (80 MHr) spectrum 
(Fig. 5.3) shows a multiplet for the protons on carbons a and b 
atg2.5 . The protons on c appear as singlet at ^3.9. The 
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Fig. 5.12 FAB-mass spectrum of 









protons on carbon d and e appear as triplets at £3.8 and 4.1. The 

aromatic protons appear as multiplets at £7.5. The ^^C-NMR 

spectrum I Fig. 5.4} shows the five aliphatic resonance peaks at 

47 . 06 , 48.60, 54,37, 55.30, 57.55 and aromatic resonance peaks at 

111.29, 120,63, 127.16, 128.70, 131.33 and 156.35 5 . These 

spectral results indicate the presence of symmetry in the 

molecule. The FAB-Mass spectrum shows the base peak at M/Z 560 

3 + 

corresponding to the molecular ion [L ] . 

The cryptand has two receptor sites with N. and NO, donor 

4 3 

sets. The donor sets are bridged by benzyl groups. This should 

provide rigidity to the donor sites owing to the flattened nature 

of the aromatic groups and the restricted rotation of the bonds 

in the benzyl moiety. The donor set can easily form complexes 

4 

with transition metal ions which has the tendency to form four 

coordinate complexes. Molecular modelling studies show that the 

N donor set describes a distorted tetrahedral geometry. Due to 
4 

the ligand structure, the donor set can impose this distorted 
tetrahedral geometry on to the metal ions. The other end which 
has NO^ donor set are not strong donors for transition metal ions 
because of the poor donor ability of the ethereal oxygens. 
Characterisation of the cryptates is described next. 
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5.3.1 { Zn (IX). X!» { Cu { 11 ) * 2 1 &nd {Ni(II), 3) crypts tss 

The cryptand readily forms mononuclear complexes with 

Ni{II) ' Cu(II) and Zn(II) ions as their perchlorate salts. They 

are stable in air and soluble in common organic solvents. 

Molecular conductivity data (Table 5.1) of the complexes in MeCN 
-3 

(ca. 1 X 10 M) at RT correspond [86] to 1:2 electrolytes. 
Complexes 1-3 exhibit a strong and broad peak at 1100 cm ^ where 

the free ligand absorbs only weakly. This peak is due to the 

presence of ionic perchlorates [100] . Perchlorate anion is a poor 
donor for transition metal ion. Besides, the perchlorate group 
should not be able to penetrate the cavity of the cryptand and 
make direct bonds with the metal ion inside. 

Electronic spectral results of the complexes in acetonitrile 
at RT are presented in Table 5.2 while the spectra of 2 and 3 

are shown in Figs. 5.13a and 5.13b respectively. The free ligand 

or the Zn ( II ) “cryptate (1) does not absorb at wavelengths longer 
than 280 nm. However, at higher energies, both exhibit strong 
absorptions. 

The band positions for any of the Cu{ II) -complexes do not 
change upon changing the solvent from MeOH to better coordinating 
MeCN indicating no solvent coordination with the metal ions. 

3 

Electronic absorption spectrum for the complex [L Cu(II)] 
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€ mol em 



1 



Fig. 5.13 


Electronic 


absorption spectra 


of 2 (a) and 3 (b) 


in acetonitrile 
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(2) ( i® Expected to be simple consisting of the ligand field 

bands in addition to one LMCT transition from Cu{II) 

The number as well as positions of the ligand field bands are 

quite sensitive [137] to the coordination geometry. As the 

geometry distorts from planarity towards tetrahedral, the overall 

splitting of the d-orbital energy levels will decrease leading to 

red-shifts for the d-d bands. For a D_, Cu(II) complex, three d- 

2d 

d absorptions are expected [138]. In cryptate 2, the ligand 
field band positions are significantly red-shifted compared to 


those with known square planar CuN^ chromophores [139] and agrees 
well with those observed with an x-ray crystallographically 
characterised [140] pseudotetrahedral complex with the 
geometrically constraining bidentate ligand, 2, 2 '-bis (2- 


imidazolyl ) biphenyl . Other pseudotetrahedral CuN^ complexes also 
exhibit [140] similar ligand field transitions. The LMCT 
transition of cr-symmetry involving a primary amine and Cu(II) 
appears at about 240 nm [91]. Alkylation of the amine lowers its 
ionization potential and causes red-shift of this transition. 
Therefore, in 2, the strong peak at 275 nm is assignable to this 
transition. As the free ligand or the Zn (ID -complex absorbs 
slightly at 275 nm, this peak should be mixed cr(N) >Cu(II) and 
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ligand localized transitions. 

The Ni { 1 1 ) - cryptate 3, shows three ligand field bands (Table 

5.2) with low intensities in acetonitrile. The positions of these 

bands do not shift noticeably upon changing to a solvent with 

different coordinating ability like methanol. The perchlorate 

anion, having a large size cannot enter the cavity to make direct 

bond(s} with the Ni(II) ion- Therefore, The Ni(II) ion can either 

be hexa-coordinated to donor set being in the middle of the 

cavity or can be tetracoordinated to N, donor set at the tren- 

4 

end. Pseudotetrahedral NiN. complexes are rare in the literature 

4 

[140,141]. The structurally characterized [140] 

pseudotetrahedral NiN^ chromophore shows three d-d bands at 770, 
640 and 470 nm. Another pseodotetrahedral NiN^ complex [141] 
shows ligand field absorptions at 1170, 940, 613 and 560 nm. If 

ligand field band positions are any indication, the coordination 
geometry around Ni{II) in 3 should then be pseudotetrahedral 
rather than distorted octahedral. The LMCT transitions involving 
the nitrogens and Ni{II) should occur [133] at higher energies 
compared to those involving Cu(II). Hence, these transitions will 
be mixed with the intra-ligand transitions. 

The effective magnetic moment ( 
complex 2 after diamagnetic corrections is found to be 1.97 
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301 K. This value is consistent with the discrete, mononuclear 
formulation for the complex. Other pseudotetrahedral CuN 

4 

complexes [140] show RT magnetic moment values in the same range. 

3 

For a tetrahedral Ni(II) complex, the ground term is T^(F) which 

has significant orbital angular momentum so that a complex having 

the perfect symmetry, should show [142] an effective magnetic 

moment of 4.2 at RT. Distortion from the ideal T, symmetry 

d 

causes further splitting of the orbital degeneracy. As a 

consequence, the effective magnetic moment value decreases. Thus, 

for pseudotetrahedral complexes [143] the observed values lie in 

the range, 2.7-3. 5 at RT. The x-ray crystallographically 

characterised NiN, complex [140] where the dihedral angle is 

4 

87.6° (a dihedral angle of 90° corresponds to perfect tetrahedral 

geometry) gives the magnetic moment of 3.5 at RT. For 3, this 

value is 2.89 at RT suggesting the coordination symmetry to be 

quite distorted from T,. 

d 

The EPR spectra of the Cu (II) -cryptate was recorded in the 

-3 

solid state as well as in acetonitrile (ca. 1 x 10 M) both at 
298 and 77 K. The data are presented in Table 5.3 while the 
solution spectra are shown in Fig. 5.14. The cryptate displays a 
broaa signal with g^^ = 2.07 in the solid state at 298 K whioh 
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sharpens somewhat on cooling to 77 K. Thus, the pure solid sample 
is not magnetically dilute to exhibit resolved ESR spectra 


indicative of its stereochemistry. The solid-state spectra are, 
therefore, not shown; only the data are presented. In MeCN 
solution at 298 K, it exhibits an axial spectrum ( Fig. 14a ) 


characteristic of a Cu{ II) -complex with the d 2 2 ground state, 

X -y 

The characteristics of the RT spectrum are: not so high and 

Cu 

very low values. The g^^ value of 2.12 is, however, within 


Cu 


the limit for a pseudotetrahedral CuN^ complex [102]. The 

-4 -1 

value ( 61 x 10 cm ) is the smallest observed so far for a 
CuN, complex and matches quite closely with the value [37] 
obtained on metalloproteins like plastocyanin, azurin etc. For 
tetragonal geometry the expressions for g^ and g^ are [144] 


+ -8^/^E_ and 


xy 




(5.1) 


xy 


is the energy difference between d^^ and d^2_y2 (ground 


X -y 


state) ; similar for E is the one electron spin-orbit 

XZ / jT “ ’ 

coupling parameter. The hyperfine couplings are expressed as: 


A,, . P^[-7--4/7i + (g„-2)+3/7(g^-2)] and 

Aa. = P^[-X+2/7o<? + ll/14(gx - 2)1 <5.2) 

where X i® the contribution from the indirect Fermi contact, 
the second term is the anisotropic dipolar contribution, ^ 
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constant which is ca . 350 x 10 cm for the free copper ion. 

As these ecjuations indicate, both and values are dependent 

on the ligand field strength; specially in the equatorial plane. 

As the geometry distorts towards tetrahedral, g^^ value tend to 

increase while the Ajj value decreases sharply. The ligand field 

strength here is low due to distortion of the coordination 

geometry towards tetrahedral (D.,) which accounts for the 

2d 

Cu 

observed g^ and k\\ values. In acetonitrile glass (77 K) , the 

signal is still axial { Figure 14b ) and the g values change 

slightly although the parallel hyperfine coupling increases 

0 11 ""4 *“1 

substantially (A^^ = 93 x 10 cm ) . This is attributable to 
the conformational changes in the ligand superstructure upon 
cooling, resulting in flattening of the coordination 

geometry. 

Electron transfer properties of the complexes 2 and 3 were 
probed by cyclic voltammetry at RT on dinitrogen flushed 
solutions. Neither of the complexes show any cyclic responses in 
the region, +1.0 to -1.0 V. Only ill-defined peaks are found in 
the forward scan which disappear in the reversed scan. However, 
when scanning the negative side, a sharp peak is observed near 
0.25 V in case of the Cu{II) -cryptate. The shape and nature of 
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this peak is attributable to the oxidation of metalli 


c copper 

deposited at the electrode [99] . The absence of any cyclic 
response in the vol taramograms of either complex is due to the 
rigi^iihy of the donor atoms topology. However, rigidity of the 
N^-donor set does not allow its spatial rearrangements upon 
reduction or oxidation of the metal-ligand ensemble. Besides, the 
strong -donating amino nitrogens favour +2 state over +1 state. 
Both of these lead to irreversibility of the cyclic redox 
processes . 

5.4. Secondary Recognition by the Cu(II)- and the Ni(II)- 
Cryptate. To.ards and H^S 


5.4.1 Recognition Towards the Azide Group 

Both the cryptates 2 and 3 readily reacts with the azide 
anion at RT. Thus, when allowed to react with NaN^ in 1:1 molar 
equivalents , one of the perchlorates is replaced forming 
complexes [L^C Cu (II) (N^ ) ] (CIO^) ( 4 ) and [L^Ni (II) (N^) ] (ClO^) (5). 
When allowed to react' with two equivalents of NaN^, both the 
perchlorates are replaced by to form [L c Cu (II) (N^) IN^ (6) and 
[L^C Ni (II) (N^) ]N^ (7). The molar conductance values for these 


complexes lie in the range, 140-150 ohm'^cm^mol ^ in acetonitrile 
that correspond to the 1:1 electrolytic nature of the complexes. 
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These data also indicate that the azide group is directly bonded 

to the metal ion. The azide group cannot be strongly bonded to 

the metal ion in these complexes as the FAB-mass data given in 

the experimental section indicate. Similar observation has been 

reported in the literature [55] for a dicopper cascade complex 

with the azide ion where this ion is proposed to be coordinated 

simultaneously to both the Cu(II) ions. However, in the FAB-mass 

spectrum the molecular ion peak is not observed. 

The (N^) stretching vibrations in 4 and 5 occur at 2060 

asym 3 

-1 

and 2065 cm which are blue shifted compared to the free azide 

-1 ... 

group (for NaN, this value is 2040 cm ). This is an indication 
3 

[145] that the azide group is directly bonded to the metal ion in 

each complex. Two terminally bonded azide groups present in 

[{Ni(pepci) (N } (N ) I ] (pepci = N- (2-pyridine-2- 

ylethyl ) pyridine-2-carbaldimine) [146] and in [{Ni(terpy) 

(N (terpy = 2,2;6,2-terpyridine) [147] show 

3 2 3 2 2 

(N ) at 2050 cm"^. Both ( 4 ) and (5) also exhibit a strong 
asym 3 

and broad peak at 1100 cm”^ due to the presence of an ionic 
perchlorate [100] group. Two stretching frequencies 

are observed in the infrared spectrum of either 6 ( 2060 and 2042 
cm or 7 ( 2065 and 2041 cm indicating the presence of both 
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ionic and coordinated azide groups. 

The electronic spectral data for the azide complexes (Fig. 
5.15) are given in Table 5.2. No noticeable differences exist 
between the complexes 4 and 6 or between 5 and 7. So, the 
electronic spectral characteristics of only 4 and 5 are discussed 
here. The strong binding of the azide group to Cu{II) in 4 is 
revealed by the noticeable changes in the d-d band positions and 
appearance of a new band at 390 nm { Table 5.2). However, the d-d 
band positions are quite different from those obtained on 
trigonal bipyramidal (TBP) [Cu(tren)X]^^ [98] and [Cu(ntb)X]^^ 
[93] [ntb = tris (2-benzimidazolylmethyl)amine; X = NCS , NH^ 
’etc, where n= 1 or 2) complexes. This indicates the overall 
symmetry to be different from TBP at RT which will be the case if 
the entire azide group does not enter the cavity and the 
bridgehead (N)-Cu (II) -(N^") bonding is not coaxial. The band at 
390 nm is assignable [48,96b&c] to the charge transfer transition 
involving a terminally bound azide group and Cu{II) ion. 

The data in Table 5.2 indicate that the band positions for 
the ligand field as well as the charge transfer transitions in 
the complexes 5 and 7 shift only slightly with respect to the 
parent complex, 3. Be it as it may, the spectral positions do not 
conform [148] to the TBP coordination geometry around Ni{II). 
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The effective magnetic moment ( « (n ) values for the 

/ ef f / B 

azide complexes at 301 K are given in Table 5.3. The data for the 


Cu {ID -complexes are consistent with discrete, mononuclear 

formulations for these complexes. For the Ni (II) -complexes , the 

data are quite different from either high- or low-spin Ni(II)- 

complexes having TBP coordination [148] geometry. 

All the EPR spectral data for 4 and 6 are given in Table 5.3 

while only the solution spectra of 4 are shown in Fig. 5.16. Both 

show broad signals near gQ^= 2.09 in the solid state at 298 or 77 

K. On the other hand, in MeCN solution each exhibits a 

significantly rhombic signal at 298 K. Both the g and the A 

values are quite different from those of 2 and agrees [93] 

somewhat with trigonal bipyramidal [Cu(ntb)X] ( X= NCS /NH^, 

etc, where n=l or 2) complexes. On cooling to 77 K, the spectrum 

changes to a 8— line spectrum quite similar to that obtained [93] 

with the TBP complex, [Cu (ntb)N^]N^ at 77 K. This is due to 

conformational changes in the ligand which in turn, enforces the 

coordination geometry of the CuN^ chromophore towards TBP. An X- 

3 

ray structure is available ( vide infr a) of the cryptand, L 

where one H 0 molecule is included inside the cavity. This 

2 

structure shows that the cryptand can undergo significant 
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conformational changes. 

Electron transfer properties of the complexes were probed by 
cyclic voltammetry at 298 K. None of the Cu(II)- or Ni(II)-azide 
complexes show any cyclic response in the region, +1.0 to -1.0 V. 
Only ill-defined peaks are found in the forward scan which 
disappear in the reversed scans. However, when scanning the 
negative side, a sharp peak is observed near -0.25 V in case of 
each of the Cu{II) complexes on scan-reversal from -1.0 V. The 
shape and nature of this peak is attributable [99] to the 
oxidation of metallic copper deposited at the electrode. This 
behaviour of the Cu(II) complexes are quite similar to the parent 
Cu(II} -cryptate. 

5.4.2 Recognition Towards H^S Molecule 

Cryptate 2 forms a dark green solid when H^S gas is passed 
through the solution of the cryptate in acetonitrile at RT. The 
complex is stable in air and is the first known Cu(II) bonded to 
H S. In solutions, however, it decomposes to a brown mass in 

A 

about 5 days. The Ni (II) -cryptate, 3 does not give a product of 
definite composition with 

The FAB-Mass spectrum (Fig. 5.12) of the cryptate shows peaks 
at M/z 762, 660, 622 and 560 corresponding to the fragments 
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formed due to the release of one, two perchlorates, H S and the 

CudI) ion. The IR spectrum of the cryptate shows a weak band at 

"1 . .... , . 

2565 cm xndicatin5 the presence of H S molecule. This band 

-1 

occurs at slightly lower frequency (2560 cm ) for a tungsten 

complex [149] . Also a strong and broad peak appears near 1100 

cm ^ attributable to the ionic perchlorates. The molar 

_1 2 -1 

conductivity at 298 K in acetonitrile is 227 ohm cm mol that 
corresponds to a 1:2 electrolyte. 

In the elctronic spectrum (Fig. 5.17) , a new band appears at 
430 nm which is absent in the parent cryptate (2) . Electronic 
spectral studies have been made on Ru(II) complexes having H^S 
bonded to the metal ion [150] . These complexes show a low-energy 
band ( 430 nm) which is not present in the parent complexes. 
This band has been attributed to the LMCT transition involving 
H^S and Ru(II). The 460 rm band in the present cryptate Is 
similarly assigned. The strong band at 275 nm is assigned to 

*r-(N) > Cu(II) LMCT transition like in the case of the parent 

cryptate ( vide supra ) . The cryptate exhibits ligand field 
transitions as a broad envelop centering at 865 nm. 

The room temperature effective magnetic moment 
1.9 which corresponds to a discrete mononuclear Cu(II) complex. 
The EPR spectrum of the cryptate in solid state gives a broad 
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signal around = 2, both at 198 and 77 K. The spectrum in 

acetonitrile {Fig. 5.18) at 298 K is slightly rhombic in nature 

with the g values; g^ = 2.13, g^ = 2.07 and g^ = 2.03 while the 

-4 -1 / 

Ay value is 60 x 10 cm (which is same as the value obtained on 

the parent cryptat^. Thus the value does not change upon 

further coordination by H^S. At 77 K, the spectrum (Fig. 5.18) is 

still rhombic. However, the A^^ value increases significantly to 
-4 -1 

103 X 10 cm while the g values change to a very small extent. 
The change in A value is due to conformational changes in the 
cryptand as in the case of 2. 

SECTION B 

This section describes the synthesis of the hetero—di topic 
receptor with naphthalene bridges {Fig. 5.19). This study is 
undertaken to probe the rigidity factor at donor atoms on varying 
the bridging unit from benzene rings to naphthalene rings. Also, 
the naphthalene groups should have more pronounced layer effects. 
The complexation with Zn{II), Cu{II) and Ni(II) has been probed 
and a successful air stable H^S complex of Cu(II) has been 
studied. The ligand was prepared {shown schematically in Fig. 
5.19) by tripod-tripod Schiff base condensation of tren and the 
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trialdehyde, in presence of Cs{I) ion followed by reducion with 

NaBH^ . 

4 

5.5 Synthesis of the Cr3fptand, 

The synthetic route is shown schematically in Fig. 5.19. The 
method is quite similar to the one adopted for the synthesis of 

5.5.1a Synthesis of tris (2-chloroethyl) amine hydrochloride 

This compound was prepared as mentioned in the Section A. 

5.5.1b Synthesis of the trialdehyde 

Potassium salt of 2-naphthol-l-carbaldehyde was prepared by 

shaking 2-naphthol-l-carbaldehyde (0.34 g; 2 mmol) in ethanol (50 

ml) with KOH (3.4 g; 6 mmol) at RT for 20 minutes. To the 

resulting dark brown solution, solid tris (2-chloroethyl) amine 

hydrochloride (0.48 gj 2 mmol) was added and the mixture was 

refluxed with stirring for 3 hr. The dark brown solution obtained 

was allowed to cool to RT and then poured into water (100 ml). 

The oily mass settled at the bottom of the flask was separated 

out by decanting off the solution above followed by extraction 

with CHCl (50 ml). The chloroform layer was treated with 

3 

decolorizing charcoal and concentrated to 15 ml. To 
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2) cm N-{~--CI)3 




Fig. 5-19 Synthetic scheme for the cryptand L 
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solution methanol {50 ml) was added and the solid separated was 
collected by filtration, washed with methanol and air-dried. The 
entire operation was carried out in the dark. Yield 60%. m.pt. 
138-140°C. 

IR(KBr): A strong peak was observed at 1660 cm"^ attributable 

[83] to the presence of the aldehyde groups. 

^H-NMR (80 MHz, CDCl , ppm): 3.2(t, 6H, NCH. ) ; 4.3(t, 6H, OCH^) ; 

^ 2 2 

7.5{m, 18H, aromatic) and 10.9 (s, 3H, CHO) . The spectrum is 

shown in Fig. 5.20. 

4 

5.5.1c Synthesis of the cryptand L 

The trialdehyde (0.61 g; 1 mmol) and CsCl (0.17 g; 1 mmol) 
were dissolved in a mixture of MeOH (150 ml) and THF (50 ml) at 
40°C. To this warmed and stirred solution, was added a solution 
of tren (0.15 g; 1 mmol) in MeOH (150 ml) over a period of 5 hr 
under argon atmosphere. The temperature of the reaction was 
maintained at 40°C. The solution was allowed to stir for another 

3 hr at 40°C. To the Schiff base thus formed, solid excess NaBH^ 
(0.24 g) was added in portions and the solution was refluxed for 

4 hr. The brown residue obtained, after removal of the solvents 
was shaken with water (30 ml) and extracted with CH^Cl^ (2 x 50 
ml). The dichlorome thane layer was dried over anhydrous Na^SO^ 
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^H-NMR spectrum of the trialdehyde 
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and the brown solution was treated with activated charcoal and 

finally upon the removal of dichloromethane a brown oily liquid 

was obtained. This was purified by column chromatography over 

neutral alumina. The impurities were eluted with a 

chloroform: hexane (1:1) mixed solvent system. The pure product 

was eluted with chlorof orm:methanol (2:1). Upon removal of the 

solvents a light brown solid is obtained in 43% yield. The 

o 

compound decomposes at 130 C. 

^H-NMR (400 MHz, CDCl^, ppm): 2.4(t, 6H, a); 2.7(s, 6H, b) ; 3.4 

(s, 6H, e); 4.2(s, 6H, c) ; 4.3(t, 6H, d) and7.6(m, 18H, 

aromatic) . The spectrum is shown in Fig. 5.21. 

4 + 

FAB-mass: m/z 710 [L ] (crude product). 

FAB-mass: m/z, 732 [H + H O] and 710 [L ] (purified 

4 2 

product). The spectrum is shown in Fig. 5.22. 

As the data above indicate, the FAB-mass spectrum of the 
crude product showed the free cryptand as the molecular xon peak. 
However, FAB-mass of the purified product by column 
chromatography, showed the presence of one water molecule inside 

the cavity of the cryptand. 

5.5.2 Synthesis of Cryptates sith Ni(II). Cu(II) and Zn(II) ions 
The cryptand exhibits excellent coordination properties 
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Fig- 5-21 400 MHz H-NMR spectrum of the cryptand, 



Fig- 5.22 FAB-mass spectrum of the cryptand. 



and forms complexes with metal ions as well as neutral molecules. 
All the complexation reactions were carried out in the dark. 

4 

5.5.2a Synthesis of CLc Zn(II)] (CIO 9 

4 2 

To the cryptand (0.35 g; 0.5 mmol) in methanol (10 ml), 
Zn (ClO^ ) 2 ' 4^2*^ (0.17 g; 0.5 mmol) in methanol (10 ml) was added 
and stirred for 10 minutes. The colorless solid crashed out was 
filtered out, washed with methanol and air-dried. Yield 80%. 

The FAB-mass spectrum (Fig. 5.23) showed three peaks at m/z 874, 
780 and 710 corresponding to the ions generated by the liberation 
of one perchlorate, two perchlorates and the metal ion 
respectively . 

5.5.2b Synthesis of Cu(II)l {CIO^)^/ 10 

To a stirred solution of the cryptand (0.35 g; 0.5 mmol) in 
methanol (10 ml), [Cu (H^O) g] (CIO ^) 2 (0.18 g; 0.5 mmol) in 

methanol (10 ml) was added whereupon a greenish-blue solid 
crashed out. This was collected by filtration, washed with cold 
methanol and air-dried. Yield 85%. 

FAB-mass spectrum (Fig. 5.24) showed two peaks at m/z 873 and 
772 correspondins to the ions generated by the liberation of one 
and two perchlorates respectively. 
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Q't 0.5 mmol) in 


4 

5.5.2c Synthesis of [L c Ni (II) ] (cio ) , ll 

4 2 

A solution of iNi (H.O) .] (CIO J „ (0.18 

Zb 4 2 

methanol (10 ml) was added to a solution of the cryptand (0.35 g; 
0.5 mmol) in methanol (15 ml) and stirred for 15 minutes. Slow 
evaporation of the solution afforded a blue solid which was 
collected by filtration, washed with methanol and air~dried in 
60% yield. 

4 

5. 5. 2d Synthesis of [Lc Cu{II) (H^S) ] (CIO 12 

2 4 2 

4 

To a solution of [CuL ] (CIO ) (0.44 g; 0.5 mmol) in acetone 
(25 ml) , H S gas was passed for 5 minutes. The resulting green 
solution was filtered and allowed to evaporate at RT which 
afforded a green solid. The solid was filtered out, washed with 
cold methanol (5 ml) and dried in a dessicator. Yield 68%. 
FAB-mass spectrum (Fig- 5.25) showed two peaks at m/z 873, 772 

that correspond to the liberation of one and two perchlorates 
respectively. 

5.6 Results and Discussion 

The cryptand forms readily in 43% yield in presence of 
Cs(I) ion as the template. The tripod-tripod Schiff base 
condensation is less efficient compared to the one described in 
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ass spectrum of 12 



section A. This might be due to the heavier arms of the 
trialdehyde that affect the positioning of the reactive groups in 
a proper manner for the reaction to take place. The reaction also 
takes place smoothly in 36% yield using Rb{I) ion as the 
template . 

The ligating properties of the cryptand towards the metal 

ions Zn{II), Cu(II), and Ni.(II) have been shown by the isolation 

of the cryptates as described above. The cryptand forms 

mononuclear cryptates with these metal ions. Mononuclear cryptate 

was isolated in the solid state, when the cryptand was treated 

with one or more equivalents of the metal perchlorate salts in 

alcoholic medium. Dinuclear cryptates could not be isolated under 

any circumstances. This result indicates that the three metal 

ions recognize only one of the two available receptor sites. The 

IR spectrum of each cryptate as the perchlorate salt shows a 

strong and broad peak at 1100 cm indicating the presence of 

3 

ionic perchlorates. Like in the case of the cryptand, L , the 
perchlorate anion cannot enter the cavity and/or make direct bond 
with the metal ion inside. The molar conductivity data (Table 
5.4) of the complexes <ca. Ixio"^ M) at 298 K correapond to 1:2 
electrolytic nature of the cryptates thus indicating the 
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forinulat i cxir> >111 ^ II ) L4] (CIO^) ^ { M{II) = Ni(ll), Cu(II) and 

ZndDI* The FAh-r,ass data (experimental section) are also 

consistent with this formulation. 

4 

The dcnor atoms for L , being similar to the previous 
3 

cryptand (L ) , the spectral properties of the Cu(II)- and the 
Ni (II) -crypt ates should depend upon the topology of the donor 
set. Hence, to probe any possible differences, the two cryptates 


were subjected to a number of physicochemical studies. 

The electronic spectral results are given in Table 5.5 and 
the spectra are shown in Figs. 5.26 - 5.28. The Zn (ID -cryptate 


absorbs ( Table 5.5 ) strongly upto 330 nm which is due to the 
intra - ligand absorptions. The electronic absorption spectrum of 
CL^CCudl) 3 (CIO ) ^ shows two ligand field bands at 800 and 690 
nm. If the metal ion is assumed to recognize the end providing 


the donor set, then these band positions are considerably red 
shifted compared to those of square planar CuN^ chromophor 
indicating di.stortion towards tetrahedral geometry in the pres 
case. Coriparing these band positions with those obtained on 


[L^CCudD ] (CIO J ^ ( Table 5.2 ), the geometry around Cud 

4 2 

mu T MrT 

should be very similar in both the cases. The u 

, . ^ r, tTT\ chould occur at 

involving amino nitrogens and Cu(Il) sno 

• absorbs 

wavelengths shorter than 300 nm. However, since 
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Fig. 5.26 Electronic absorption spectrum of 9 in acetonitrile 
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Fig. 5.27 Electronic 
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absorption spectrum of 10 in acetonitrile 
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strongly in this region, no conclusion can be drawn regarding the 

position of the cr(N) -->Cu (II) LMCT transition. 

The mononuclear Ni (II) -cryptate, like [L^c Ni (II) ] (CIO ) 

4 2' 

shows three weak bands at 960, 575 and 375 nm. Again, these band 

positions are similar in both the cases indicating nearly the 

same distorted tetrahedral coordination geometry around Ni(II). 

The Cu(II) cryptate gives an effective magnetic moment 

number ( /■'b^ of 2.02 at 301 K indicating a discrete 

mononuclear Cu(II) complex. The value for the Ni (II) -cryptate is 

3.07 . In the case of perfect tetrahedral Ni(II) complex, the 

effective magnetic moment number lies close to 4.2. The value of 

3.07 shows that the Ni(II) atom is present in a pseudotetrahedral 

3 

geometry like in the case of the cryptate with L . 

The EPR spectrum of Cu (II) -cryptate in the solid state shows 

a broad signal with g = 2.08 at 298 K. At 77 K, the signal 

av 

sharpens with g =2.07. The spectra are typical of magnetically 
av 

concentrated systems and are not indicative of the solid-state 

stereochemistry of the cryptate. The EPR spectrum (Fig. 5.29) in 

acetonitrile solution at 298 K shows an axial spectrum 

corresponding to the d 2_ 2 ground state. The gn value of 

X y 

lies within the limit for a pseudotetrahedral CuN^ complex. The 
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Fig. 5.28 Electronic absorption spectrum of 11 m DMF 
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*. r,f 10 at (a) 298 K and {b) 77 K 
F. 5.29 Solution EPR spectra 


in acetonitrile 
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valiie of 60 X 10 ^ ci» ^ is very small and almost the same »ith 
that obtained on the Cu (II) -cryptate of Like in the previous 

case, this value closely matches with those exhibited by the 
active sites of copper blue proteins. On cooling to 77 K, the g 
values do not change significantly while the Ajj value increases 

-4 -I 

significantly to 94 x 10 cm . This is attributed to the 
flattening of the coordination geometry around the metal ion. 

5.7 Secondary recognition of the Cu( II) -cryptate (10) by H S 

2 

The cryptate, 10, readily accepts a molecule of H S and the 

A 

resulting H S complex is found to be air-stable. 

The IR spectrum of the cryptate shows a band at 2557 cm ^ 

indicating {150} the presence of H^S molecule. Besides, the 

-1 . . 

strong and broad peak centering around 1100 cm which is 

attributable to the ionic perchlorates is also seen. The molar 

2 -1 

conductance in CH^CN is 215 ohm cm mol and corresponds [86] to 
a 1:2 electrolyte. 

The electronic spectrum of the cryptate shows a well-defined 
band {Fig. 5.30) at 450 nm which is absent in the parent 
cryptate. No Cu (ID -S (H^S) complex has been characterised. 
However, other transition metals bonded to H^S has been probed by 
UV-Vis spectroscopy where the LMCT transition involving H^S an 
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in the region 450~500 nm as a well defined 


the metal ion appears 

weak band. Therefore, the band that appears at 450 nm is 

attributable to the (H^S) ->Cu{II) LMCT transition. The ligand 
field bands show appreciable red-shifts (Table 5.5) compared to 
the parent Cu ( II ) -crypt ate indicating changes in the coordination 
geometry as a result of the H^S coordination. 

The effective magnetic moment number 
„ypt.te is found to be 2.09 at 301 K showing a discrete 

mononuclear CuCII) complex. 

The EPR spectrum of the solid sample (Fig. 5.31) 

• nature at g = 2 07 - The solid sample at 77 K gives 
anisotropic in nature at g^y £.u/ 

ewi.1 spectnu.. The CH 3 CK solution at 29S K shows an ill- 
defined four-line signal (Fig. 5.31) with = 2.07 and 


values: g^ = 2.17, ^2 

is not well-resolved. 

geometry for the Cu(II) 
cryptate . 


2.07, g = 2.03. The hyperfine coupling 


Thus, EPR results indicate 
ion that is different from 


a distorted 
the parent 
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SECTION C 


Crypt ands can strongly bind neutral molecules. The 
attractive or binding forces [4,59] are mainly hydrogen bonding, 
acid to base interactions, dipole^dipole , van der Waals forces, 
etc. Crown ethers are known [151] to dissolve water in 
chloroform by complexing water inside the cavity. The neutral 
water molecule is held by hydrogen bonding between the hydrogen 
of water molecule and oxygen of the crown ether ring. Cryptands 
[2.2.2], [2.2.1] and [2.1.1] with the donor sets, N^O., N.O- and 

respectively, encapsulate a water molecule inside the cavity 
[152]. A diprotonated macrotricyclic cryptand describing a 
spherical topology of the donor atoms is known to form a 
tetrahedral array of hydrogen bonding with a water molecule as 
studied by NMR techniques [13]. Natural antibiotics have been 
shown [7] to complex water molecules by hydrogen bonding when 
they are free of metal ions. This complexation is believed to 
assist in the metal ion complexation by influencing the hydration 
shell of the metal ion. 

This section describes the complexation of water by the 
cryptands, and , One of the complexes with water inside the 
cavity could be isolated in single crystal forms suitabl 
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# 

ray structure determination. The molecular and crystal structure 
of this complex is described. Other complexes are studied by FAB- 
mass spectroscopy. 

5.8 Synthesis of the water inclusion complex, 1 

The water inclusion complex, 1, was obtained in a 

serendipitous manner. In order to probe the molecular recognition 
properties of the cryptand, L^, it was allowed to react with 
ethylenediammonium, hydroxyl ammonium and methyl ammonium cations. 
However, it was found that these cations can not enter the cavity 
apparently due to their sizes. Instead, with ethylenediammonium 
dication in methanol, the water inclusion complex, 1 was 
isolated. In what follows next, the steps leading to the 

formation of the complex, 1 are described. 

5.8.1a Preparation of ethyl enediammonivun di thiocyanate 

This was prepared following a literature method [153] . A 

solution of KSCN (0.195 g; 2 mmol) in water (10 ml) was added to 

a solution of ethylenediamine dihydrochloride (0.13 g; 1 mmol) 

in water (5 ml) and stirred for 10 minutes. The solution was 

filtered and allowed for slow evaporation at RT which afforded 

0 

colorless crystals of the product in 80% yield, m. pt- 202 C. 
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5.8.1b Synthesis of [H L CH^O]^'*’. 2 SCN“.2H 0, 1 

2 2 2 

To the cryptand (0.28 g; 0.5 mmol) in methanol (25 ml), 
solid ethylenediammonium dithiocyanate (0.09 g; 0.5 mmol) was 

added and stirred for 8 hr at room temperature. The resulting 
solution was filtered and allowed for slow evaporation which gave 

pale yellow crystals in the form of prisms. Yield 80%. m. pt. 

148°C. 

1 a 

H-NMR (400 MHz, d.-DMSO + CDCl,, ppm): 2.45(s br, 6H, H ); 2.7( 

o 3 

s br, 6H, H^) ; 3.1 ( s br, 6H, H®) ; 3.95(s, 6H, H®) ; 4.25(t, 6H, 

H^) ; '7.01(t, f & g); 7.25(d, 3H, h) and 7.45(t, 3H, i) . The 

spectrum is shown in Fig. 5.32. 

13 

C-NMR (100 MHz, d.-DMSO + CDCl,, ppm): 44.5, 46.4, 51.3, 55.4 

6 3 

and 64.8 (alphatic carbons); 110.8, 120, 130.2, 130.9, 132 and 

156 (aromatic carbons). The spectrum is shown in Fig. 5.33. 
FAB-mass showed three pealcs at m/z 598, 582 and 560. The 

spectrum is shown in Fig. 5.34. 

When the ligand was dissolved in acetone and allowed to 
crystallize in air, a pale yellow crystalline solid was obtained 
in 65% yield. 80 MHz H-NMR spectrum of 2 was found not to be 
different from the free ligand at 298 K. However, the FAB-mass 
spectrum (Fig. 5.35) showed two' prominent peaks at m/z 582 and 
560. It did not show the m/z 598 peak as in the case of 1 above. 
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spectrum of 
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Fig. 5.35 FAB-mass spectrum of 





was dissolved in 


In a similar manner, when the ligand 
acetone and allowed to crystallize in air, ag-ain a pale yellow 
crystalline solid was obtained in about 56^ yield. The FAB-mass 
spectrum (Fig. 5.36) showed three peaks at m/z 7 48, 732 and 710. 
Comparing the FAB-mass results with the two compoxjnds above, it 

may be concluded that at least one water molecule is trapped 

4 

inside the cavity of the cryptand, L . It is relevant to point 
out here that during purification of the cryptand, L^, one water 
molecule gets trapped inside the cavitj as the FAB-mass data 
indicate ( vide supra ) . 

5 . 9 X-ray Crystallography on 1 

Colorless crystals suitable for X-ray diffraction studies 
were obtained from a chloroform solution on slow evaporation at 
room temperature. Crystal data, data collection, structure 
solution and refinement details are given in Table 5.7. All 
diffraction measurements were made at RT* (21°C) with a Nicolet 
R2m/V diffractometer system using graphite lonochromated MoK 
radiation. Intensity data were corrected for decay, and 

absorption effects. The structure was solved loy direct method 
[154] and refined on F by full-matrix least squares techniques 


i 
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using the SHELXTL-PLUS program package [155] on a DEC microvax-II 
computer . Most of the hydrogen atoms were located in successive 
difference fourier maps and the rest were generated geometrically 
(C-H 0.9 A; N-H 0.87 A) . All the non-hydrogen atoms were refined 
anisotropically . The H-atoms were refined isotropically with the 
thermal factors of the mother atoms and included in the 
structure-factor calculations. Analytic expressions of neutral- 
atom scattering factors were employed and anomalous dispersion 
corrections [156] were incorporated. Fractional coordinates for 
all the atoms, bond lengths and bond angles and anisotropic 
thermal parameters are listed separately. 

5.10 Results and Discussion 

A perspective view of the complex cation is shown in Fig. 

5.37 while the packing of the molecule in the crystal lattice is 

illustrated in Fig. 5.38. The molecule consists of the cation 
3 2+ 

[H L ] and two thiocyanate anions. Thus, when 

2 

3 

ethylenediammonium thiocyanate is treated with the cryptand L 
transfer of two protons from the ethylenediammonium moiety to the 
secondary amino nitrogens takes place. One water molecule 
present in the solvent enters the cavity and forms the inclusion 
complex. The water molecule is held inside the cavity through H- 
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Molecular f o r mu 1 a 
Molecular weight 
Color and habit 
Crystal size 
Crystal system 
Space group 
Unit cell parameters 

Density (calcd) 
Radiation 

Standard reflections 
Intensity variation 
Absorption coefficient 
Mean fir 

Transmission factors 
Scan type and rate 
Scan range 
Background counting 

Collection range 
Unique data measured 


731.0 

light yellow prism plate 
0.50 X 0.50 X 0.60 mm^ 
monoclinic 
Cc (No. 9) 

a ■= 13.701(2)A ^ - 107.61(3)° 

b = 15.284(2) V = 1087.4(8)A^ 

c = 19.685(3) Z = 4 F(OOO) - 1564 

1.236 g cm ^ 

graphite-monochromatized Moi^a, A = 0.71073 A 
(1,1, -9); (4, 4,-6) 

±0.9% 

1.86 cm ^ 

0.04 

0.908 to 0.915 

oj-scan; 1.01-14.65 deg min ^ 

0.85^ below Ka^ to 0.85^ above Ka^ 

stationary counts for one-fifth of scan time 
at each end of scan range 

0 < h < 16, 0 < k < 18, -23 < i < 22; 25 -50° 

’ ’ max 

3608 



1S7 


Atom 

X 

0(1W) 

0 

N(l) 

1364(2) 

C(l) 

2104(2) 

C(2) 

2471(2) 

0(2) 

1658(2) 

C(3) 

1892(2) 

0(4) 

2839(2) 

0(5) 

3029(3) 

0(6) 

2305(3) 

0(7) 

1363(3) 

0(8) 

1124(2) 

0(9) 

109(2) 

N(2) 

-560(2) 

C(10) 

-836(2) 

0(11) 

-1709(2) 

0(12) 

749(2) 

0(13) 

-43(2) 

0(3) 

-860(2) 

0(14) 

-1732(2) 

0(15) 

-1817(3) 

0(16) 

-2744(3) 

0(17) 

-3584(3) 

0(18) 

-3500(2) 

0(19) 

-2577(2) 

C(20) 

-2469(2) 

N(3) 

-2057(2) 

0(21) 

-2783(2) 

C(22) 

-2369(2) 

0(23) 

1956(2) 

0(24) 

1365(3) 

0(4) 

1240(2) 

0(25) 

926(2) 

0(26) 

557(2) 

0(27) 

285(2) 

0(28) 

369(3) 

C(29) 

715(2) 

0(30) 

1002(2) 

0(31) 

1417(2) 

N(4) 

648(2) 

0(32) 

-251(2) 

C(33) 

-899(2) 

N(5) 

-1450(2) 

0(5W) 

-1929(2) 

0(6W) 

1484(2) 

S(l) 

4439(1) 

0(34) 

5218(2) 

N(6) 

5803(2) 

S(2) 

9135(1) 

0(35) 

8912(2) 

N(7) 

8750(3) 

% 

eq 

defined as one 


y z 


-1399(1) 

0 

-1425(2) 

-918(1) 

-699(2) 

-742(2) 

-478(2) 

35(2) 

-31(1) 

195(1) 

451(2) 

809(2) 

393(2) 

1341(2) 

926(2) 

1937(2) 

1493(2) 

2002(2) 

1541(2) 

1491(2) 

1006(2) 

875(2) 

1050(2) 

323(2) 

285(2) 

347(1) 

265(2) 

1011(2) 

-368(2) 

971(2) 

-1357(2) 

-1673(2) 

-656(2) 

-1821(2) 

-947(1) 

-1568(1) 

-459(2) 

-1716(1) 

406(2) 

-1945(2) 

821(2) 

-2089(2) 

408(2) 

-1999(2) 

-450(2) 

-1764(2) 

-892(2) 

-1623(1) 

-1840(2) 

-1399(1) 

-1961(2) 

-610(1) 

-1661(2) 

-227(1) 

-1811(2) 

565(1) 

-2255(2) 

-788(2) 

-3033(2) 

-702(2) 

-3000(1) 

-11(1) 

-3736(2) 

242(2) 

-4486(2) 

-166(2) 

-5204(2) 

161(2) 

-5198(2) 

862(2) 

-4462(2) 

1258(2) 

-3716(2) 

962(2) 

-2923(2) 

1406(1) 

-2203(2) 

1325(1) 

-2442(2) 

1561(1) 

-1654(2) 

1600(1) 

-1290(1) 

904(1) 

-3725(2) 

-717(2) 

-889(2) 

2335(1) 

2230(1) 

3636(1) 

2986(2) 

3552(2) 

3505(2) 

3497(2) 

2967(1) 

1830(1) 

3381(3) 

2512(2) 

3703(3) 

3018(2) 


third of the trace of 


U 

eq 

484(3) 

530(3) 

592(3) 

594(3) 

638(3) 

558(3) 

685(3) 

776(3) 

798(3) 

720(3) 

583(3) 

677(3) 

560(3) 

563(3) 

528(3) 

653(3) 

676(3) 

638(3) 

535(3) 

664(3) 

765(3) 

749(3) 

623(3) 

493(3) 

512(3) 

493(3) 

584(3) 

534(3) 

713(3) 

709(3) 

716(3) 

560(3) 

667(3) 

749(3) 

804(3) 

717(3) 

567(3) 

590(3) 

493(3) 

534(3) 

492(3) 

437(3) 

1019(3) 

861(3) 

922(2) 

616(3) 

878(3) 

1109(3) 

874(3) 

1164(3) 


the orthogonalized U 


tensor. 


1S8 


N(l)- 

■0(1) 

1 

.471 

(A) 

N(l)- 

•0(23) 

1 

.486 

(4) 

0(2)- 

•0(2) 

1 

.422 

(4) 

0(3)- 

0(4) 

1 

.403 

(A) 

0(4)- 

0(5) 

1 

.385 

(5) 

0(6)- 

0(7) 

1 

.378 

(4) 

0(8)- 

0(9) 

1 

.485 

(4) 

N(2)- 

0(10) 

1 

.467 

(4) 

0(11) 

-N(5) 

1 

.468 

(3) 

0(13) 

-0(3) 

1 

.426 

(4) 

0(14) 

-0(15) 

1 

.391 

(4) 

0(15) 

-0(16) 

1, 

.370 

(5) 

0(17) 

-0(18) 

1, 

.383 

(4) 

0(19) 

-0(20) 

1. 

,509 

(4) 

N(3)- 

0(21) 

1. 

490 

(4) 

0(22) 

-N(5) 

1. 

468 

(3) 

0(24) 

-0(4) 

1. 

422 

(4) 

0(25) 

-0(26) 

1. 

403 

(4) 

0(26). 

-0(27) 

1. 

380 

(5) 

0(28). 

-0(29) 

1. 

369 

(5) 

0(30)- 

-0(31) 

1. 

503 

(4) 

N(4)-( 

:(32) 

1. 

488 

(4) 

0(33)- 

-N(5) 

1. 

461 

(3) 

0(34). 

-N(6) 

1. 

157 

(5) 

0(35). 

■N(7) 

1. 

189 

(7) 


C(l)-N(l)-C(12) 109.1(2) 
C(12)-N(l)-C(23) 110.5(2) 
C(l)-C(2)-0(2) 107.0(2) 
0(2)-C(3)-C(4) 122.9(3) 
C(4)-C(3)-C(8) 121.6(3) 
C(4)-C(5)-C(6) 120.1(3) 
C(6)-C(7)-C(8) 121.1(3) 
C(3)-C(8)-C(9) 121.8(3) 
C(8)-C(9)-N(2) 112.9(2) 
N(2)-C(10)-C(ll) 112.2(2) 
N(l)-C(12)-C(13) 114.1(3) 
C(13)-0(3)-C(14) 119.0(2) 
0(3)-C(14)-C(19) 114.9(2) 
C(14)-C(15)-C(16) 119.2(3) 
C(16)-C(17)-C(18) 119.5(3) 
C(14)-C(19)-C(18) 119.1(3) 
C(18)-C(19)-C(20) 122.0(3) 
C(20)-N(3)-C(21) 112.8(2) 
C(21)-C(22)-N(5) 113.0(2) 
C(23)-C(24)-0(4) , 108.0(3) 
0(4)-C(25)-C(26) 124.6(3) 
C(26)-C(25)-C(30) 120.4(3) 
C(26)-C(27)-C(28) 121.4(3) 
C(28)-C(29)-C(30) 121.9(3) 
C(25)-C(30)-C(31) 120.6(3) 
C(30)-C(31)-N(4) 113.6(2) 
N(4)-C(32)-C(33) 112.0(2) 


N(l)-C(12) 1.474 (3) 
C(l)-C(2) 1.497 (4) 
0(2)-C(3) 1.368 (4) 
C(3)-C(8) 1.388 (4) 
C(5)-C(6) 1.353 (5) 
C(7)-C(8) 1.415 (4) 
C(9)-N(2) 1.495 (4) 
C(10)-C(ll) 1.522 (4) 
C(12)-C(13) 1.489 (4) 
0(3)-C(14) 1.364 (3) 
C(14)-C(19) 1.392 (4) 
C(16)-C(17) 1.370 (5) 
C(18)-C(19) 1.386 (4) 
0(20) -N(3) 1.495 (3) 
C(21)-C(22) 1.506 (4) 
C(23)-C(24) 1.477 (5) 
0(4)-C(25) 1.354 (4) 
C(25)-C(30) 1.388 (4) 
C(27)-C(28) 1.351 (6) 
C(29)-C(30) 1.389 (5) 
C(31)-N(4) 1.498 (4) 
C(32)-C(33) 1.512 (4) 
S(l)-C(34) 1.615 (3) 
S(2)-C(35) 1.596 (5) 


C(l)-N(l)-C(23) 107.6(2) 
N(l)-C(l)-C(2) 113.9(3) 
C(2)-0(2)-C(3) 117.7(2) 
0(2)-C(3)-C(8) 115.5(2) 
C(3)-C(4)-C(5) 119.3(3) 
C(5)-C(6)-C(7) 121.1(3) 
C(3)-C(8)-C(7) 116.6(2) 
C(7)-C(8)-C(9) 121.5(3) 
C(9)-N(2)-C(10) 111.7(2) 
C(10)-C(ll)-N(5) 114.0(2) 
C(12)-C(13)-0(3) 108.1(3) 
0(3)’-C(14)-C(15) 124.8(3) 
C(15)-C(14)-C(19) 120.2(3) 
C(15)-C(16)-C(17) 121.5(3) 
C(17)-C(18)-C(19) 120.5(3) 
C(14)-C(19)-C(20) 118.9(2) 
C(19)-C(20)-N(3) 113.2(2) 
N(3)-C(21)-C(22) 112.2(2) 
N(l)-C(23)-C(24) 114.7(3) 
C(24)-0(4)-C(25) 117.8(2) 
O(4)-C(25)-C(30) 115.1(2) 
C(25)-C(26)-C(27) 118.9(3) 
C(27)-C(28)-C(29) 119.6(3) 
C(25)-C(30)-C(29) 117.8(3) 
C(29)-C(30)-C(31) 121.5(3) 
C(31)-N(4)-C(32) 114.2(2) 
C(32)-C(33)-N(5) 113.6(2) 


189 



C(ll)-N(5)-C(22) 

C(22)-N(5)-C(33) 

S(2)-C(35)-N(7) 


111.3(2) 

110.4(2) 

179.0(4) 


C(ll)-N(5)-C(33) 

S(l)-C(34)-N(6) 


110.5(2) 

177.6(3) 


Hydrogen bonding scheme (donor atom precedes acceptor atom in each bond) 


0(1W)...N(1) 2.968 
N(3)...0(1W) 2.841 
N(4)...0(1W) 2.776 
0(5W). . .N(6a) 3.041 
0(6W). ..N(6b) 2.873 


N(l). 

. .0(1W). . 

.N(2) 

115.2 

N(l)., 

. .0(1W). . 

.N(4) 

119.0 

N(2)., 

. .0(1W). . 

•N(4) 

102.1 

N(3).. 

.0(5W) . . 

.N(6a) 

81.4 

N(6a). 

. .0(5W) . 

. .N(7a) 

96.1 

N(4). . 

.0(6W) . . 

.N(7b) 

107.9 

0(1W). 

..N(3).. 

.0(5W) 

104.7 


0(1W) . 

•.N(2) 

2.828 

N(3). . .0(5W) 

2.714 

N(4).. 

.0(6W) 

2.813 

0(5W) . 

. .N(7a) 

2.910 

0(6W). 

. .N(7b) 

3.051 


N(l).. .0(1W)...N(3) 117.7 
N(2). . .0(1W). . .N(3) 94 0 
N(3)...0(1W),..N(4) 104.9 
N(3)...0(5W)...N(7a) 95.7 
N(4). . .0(6W). . .N(6b) 99.9 
N(6b). . .0(6W). . .N(7b) 96.6 
0(1W). . .N(4) . . .0(6W) 107.1 


Symmetry transformations: 


a (-1 + X, -y, -1/2 +z); 
b (-1/2 + X, -1/2 + y, z) 


Table 5. 

10 Anisotropic thermal parameters'**^ (A^ 

X lo'^). 


Atom 

^11 


^33 

^12 

^13 

^23 

0(1W) 

472(4) 

596(4) 

442(4) 

-71(4) 

228(4) 

-30(4) 

N(l) . 

564(4) 

581(4) 

534(4) 

-65(4) 

299(4) 

-67(4) 

C(l) 

528(4) 

697(5) 

629(4) 

-130(4) 

291(4) 

-37(4) 

C(2) 

468(4) 

701(5) 

634(4) 

-37(4) 

199(4) 

-68(4) 

0(2) 

483(4) 

773(4) 

643(4) 

-59(4) 

149(4) 

-204(4) 

C(3) 

588(4) 

560(4) 

571(4) 

-165(4) 

242(4) 

-80(4) 

C(4) 

573(4) 

833(5) 

646(5) 

-187(4) 

181(4) 

-79(4) 

C(5) 

694(5) 

991(5) 

634(5) 

-297(5) 

188(4) 

-96(5) 

C(6) 

892(5) 

887(5) 

704(5) 

-416(5) 

377(4) 

-250(4) 

C(7) 

914(5) 

584(5) 

861(5) 

-158(4) 

569(4) 

-86(4) 

C(8) 

666(4) 

501(4) 

686(4) 

-135(4) 

358(4) 

-2(4) 

C(9) 

758(5) 

551(4) 

844(5) 

67(4) 

427(4) 

193(4) 

N(2) 

529(4) 

620(4) 

560(4) 

22(4) 

212(4) 

78(4) 

C(10) 

601(4) 

553(4) 

605(4) 

9(4) 

286(4) 

-25(4) 

C(ll) 

443(4) 

637(4) 

548(4) 

75(4) 

214(4) 

10(4) 

C(12) 

709(4) 

856(5) 

486(4) 

-177(4) 

318(4) 

-126(4) 

C(13) 

685(4) 

878(5) 

496(4) 

-200(5) 

226(4) 

107(4) 

0(3) 

548(4) 

754(4) 

648(4) 

-91(4) 

235(4) 

187(4) 

C(14) 

610(4) 

592(5) 

382(4) 

-112(4) 

118(4) 

4(4) 

0(15) 

865(5) 

566(5) 

524(4) 

-136(4) 

156(4) 

42(4) 

0(16) 

1125(5) 

544(5) 

600(5) 

37(5) 

224(5) 

12(4) 

0(17) 

859(5) 

770(5) 

558(4) 

246(5) 

126(4) 

-67(4) 

0(18) 

625(4) 

766(5) 

463(4) 

3(4) 

142(4) 

-83(4) 

0(19) 

551(4) 

551(4) 

351(4) 

-85(4) 

101(4) 

-54(4) 

C(20) 

547(4) 

586(4) 

407(4) 

-141(4) 

151(4) 

-59(4) 

N(3) 

416(4) 

608(4) 

428(4) 

-111(4) 

88(4) 

-15(4) 

0(21) 

400(4) 

885(5) 

447(4) 

-44(4) 

96(4) 

-61(4) 

0(22) 

419(4) 

745(5) 

456(4) 

-122(4) 

158(4) 

-7(4) 

0(23) 

772(4) 

714(5) 

810(5) 

23(4) 

474(4) 

-65(4) 

0(24) 

924(5) 

652(5) 

665(4) 

-24(5) 

411(4) 

-116(4) 

0(4) 

1095(4) 

574(4) 

608(4) 

-29(4) 

452(4) 

-93(4) 

0(25) 

578(4) 

537(4) 

588(4) 

89(4) 

209(4) 

-4(4) 

0(26) 

635(5) 

669(5) 

676(5) 

78(4) 

170(4) 

-89(4) 

0(27) 

577(5) 

568(5) 

1080(5) 

32(4) 

217(4) 

-67(5) 

0(28) 

701(5) 

669(5) 

1126(5) 

81(5) 

402(4) 

123(5) 

C(29) 

682(5) 

745(5) 

770(5) 

174(4) 

287(4) 

178(4) 

C(30) 

482(4) 

667(5) 

529(4) 

175(4) 

120(4) 

29(4) 

0(31) 

488(4) 

833(5) 

419(4) 

128(4) 

89(4) 

10(4) 

N(4) 

441(4) 

640(4) 

384(4) 

^6(4) 

102(4) 

-6(4) 

0(32) 

503(4) 

680(5) 

441(4) 

45(4) 

174(4) 

63(4) 

0(33) 

470(4) 

644(4) 

382(4) 

46(4) 

156(4) 

-10(4) 

N(5) 

382(4) 

550(4) 

392(4) 

-23(4) 

134(4) 

1(4) 

0(5W) 

1098(5) 

623(4) 

1244(5) 

-72(4) 

214(5) 

160(4) 

0(6W) 

631(4) 

1114(5) 

778(4) 

-182(4) 

124(4) 

-189(4) 

S(l) 

585(3) 

974(4) 

1090(4) 

-24(3) 

78(3) 

-41(4) 

0(34) 

528(4) 

710(5) 

552(4) 

244(4) 

78(4) 

-46(4) 

N(6) 

812(4) 

788(5) 

1150(5) 

185(4) 

472(4) 

83(5) 

S(2) 

833(4) 

1018(4) 

1449(4) 

64(4) 

303(4) 

219(4) 

0(35) 

487(4) 

884(5) 

1192(5) 

-10(5) 

166(5) 

332(5) 

N(7) 

830(5) 

1393(5) 

1229(5) 

-27(5) 

251(5) 

212(5) 


Table 5.11 Hydrogen atom coordinates (x lO'^) and assigned 
isotropic temperature factors* (A^ x 10^). 


Atom 

X 

7 

z 

u 

H(IWA) 

421 

-1387 

-240 

70 

H(IWB) 

-41 

-855 

62 

70 

H(1A) 

2686 

-853 

-893 

80 

H(1B) 

1779 

-190 

-998 

80 

H(2A) 

3066 

-110 

135 

80 

H(2B) 

2638 

-1005 

312 

80 

H(4) 

3352 

-10 

1293 

100 

H(5) 

3675 

892 

2303 

100 

H(6) 

2448 

1865 

2414 

100 

H(7) 

861 

1947 

1553 

100 

H(9A) 

-231 

1574 

397 

80 

H(9B) 

212 

1070 

-138 

80 

H(2N) 

-1161 

356 

-19 

80 

H(IOA) 

-248 

85 

1391 

80 

H(IOB) 

-1038 

842 

1107 

80 

H(11A) 

-2274 

-215 

564 

80 

H(llB) 

-1908 

-306 

1396 

80 

H(12A) 

1204 

-1239 

-1949 

80 

H(12B) 

411 

-1907 

-1818 

80 

H(13A) 

-295 

-549 

-2325 

80 

H(13B) 

246 

-128 

-1579 

80 

H(15) 

-1232 

710 

-2000 

100 

H(16) 

-2807 

1413 

-2258 

100 

H(17) 

-4224 

713 

-2096 

100 

H(18) 

-4087 

-741 

-1700 

100 

H(20A) 

-3133 

-2109 

-1563 

80 

H(20B) 

-2016 

-2121 

-1620 

80 

H(3NA) 

-1494 

-1752 

-421 

80 

H(3NB) 

-1928 

-2513 

-524 

80 

H(21A) 

-2906 

-1047 

-314 

80 

H(21B) 

-3415 

-1976 

-409 

80 

H(22A) 

-2200 

-2419 

647 

80 

H(22B) 

-2889 

-1658 

779 

80 

H(23A) 

2221 

-2356 

-1180 

80 

H(23B) 

2514 

-2187 

-358 

80 

H(24A) 

1722 

-3558 

-752 

80 

H(24B) 

706 

-3024 

-1058 

80 

H(26) 

500 

-4498 

-664 

100 

H(27) 

32 

-5719 

-116 

100 

H(28) 

182 

-5707 

1081 

100 

H(29) 

764 

-4463 

1755 

100 

H(31A) 

1984 

-2703 

1265 

80 

H(31B) 

1652 

-3095 

1898 

80 

H(4NA) 

447 

-1992 

892 

80 

H(4NB) 

959 

-1869 

1553 

80 

H(32A) 

-664 

-2852 

1227 

80 

H(32B) 

-13 

-2709 

2024 

80 

H(33A) 

-460 

-1208 

1876 

80 

H(33B) 

-1391 

-1825 

1834 

80 

H(5WA) 

-1350 

-3698 

-830 

150 

H(6WA) 

1406 

-1120 

2714 

150 

H(6WB) 

2125 

-807 

PS1 n 

1 


bonding as shown in Fig. 5.37. The oxygen atom is hydrogen 
bonded to two hydrogen atoms from the two protonated nitrogens. 
The two hydrogens of the water molecule are in turn, hydrogen 
bonded to one bridgehead nitrogen and the secondary nitrogen atom 
of the chain which is not protonated. Therefore, the oxygen atom 
is tetrahedrally coordinated. The H-O-H bond angles are slightly 
distorted from the ideal tetrahedral value as the bond angle data 
suggest. Similar structures have been proposed by Lehn and 
coworkers [13] . There are two more lattice water molecules which 
are outside the cavity and are H-bonded to the two protonated 
amino nitrogens. The two thiocyanate anions are H-bonded to these 
lattice water molecules forming a chain-like structure. The bond 
distances and angles in the ligand are within the normal values. 
Also, the overall ellipsoidal topology of the cavity is observed 
upon complexation with the water molecule. 

The 400 MHz ^H-NMR shows that the water molecul is fast 
exchanging with the medium since the bonded water molecule does 
not show up in the spectrum. The C-NMR spectrum shows five 
types of aliphatic carbons and six types of aromatic carbons. 


5.11 Conclusion 

The facile synthesis of the two cryptands with hetero- 


10X 


ditopic receptor sites in presence of Cs(I)/Rb{I) ion, proves the 
effectiveness of these alkali metal ions as templates in the 
synthesis of cryptands. The ethereal oxygens, being poor donors 
for transition metal ions, only mononuclear cryptates are formed 
so that a part of the cavity remains vacant. This type of 
cryptands, therefore, affords to study cavitand chemistry. The 
two H S complexes with the Cu (II) -cryptates are air-stable. Thus, 

A 

the cryptand affords to study transition metal-H S bonding ( in 
this case Cu{II)-H S). This is due to the fact that the cryptands 
are able to provide an effective protective environment against 
decomposition of such species. The nitrogens present in the ring 
can be protonated easily to trap uncharged planar molecules like 


Table 5.1 Molar Conductances, Magnetic Moments (301K) and Elemental Analyses of 
the Cryptates 


Cryptate 


K' 

-1 -1 
ohm cm mol 


Peff^pB 


% Analysis 


Found Calcd 





C 

H 

N S 

C 

H 

N 

1 

243 


48.18 

5.32 

8.23 

48.10 

5.50 

8.50 

2 

239 

1.97 

48.17 

5.47 

8.60 

48.21 

5.52 

8.52 

3 

223 

2.89 

48.63 

5.50 

8.39 

48.50 

5.55 

8.57 

4 

152 

1.93 

50.97 

5.72 

14.44 

51.83 

5.93 

14.65 

5 

140 

2.91 

52.31 

5.77 

14.39 

52.16 

5.97 

14.75 

6 

139 

2.04 

56.10 

6.16 

21.72 

56.04 

6.41 

21.78 

7 

147 

2.97 

56.23 

6.31 

21.77 

56.42 

6.46 

21.93 


8 


227 


1.9 


46.37 5.37 8.16 3.78 46.27 5.30 8.18 3.74 


Table 5.2 Electronic Absorption Spectral Data of the cryptates 


Cryptate X /nm (r / Assignment 

max max 

.,3 -1 -1 

dm mol cm 


2 

810 

230 

d-d band 


680 

225 

d-d band 


275 

7120 

cr(N)— >Cu(II) LMCT + 
intra-ligand transitions 

3 

940 

18 

d-d band 


565 

15 

d-d band 


360 

45 

d-d band 


270 

4520 

<r{N)— >Ni(II) LMCT + 
intra-ligand transitions 

4 

805 

220 

d-d band 


670 

250 

d-d band 


390 

1370 

(N )— >Cu(II) LMCT 

3 


275 

7900 

cr(N)— >Cu(II) LMCT + 
intra-ligand transitions 

5 

950 

15 

d-d band 


570 

15 

d-d band 


380 

80 

d-d band + (N ) — >Ni(II) 
LMCT 


270 

4720 

(TCN)— >Ni(II) LMCT + 
intraligand transitions 

♦ • • 
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Table 5.2 contd. 


865 

155 

d-d band 


460 

135 

(H S)“>Cu(II] 

1 LMCT 

275 

5280 

tflN) — >Cu(II) 

LMCT 


4 and 6 have indistinguishable electronic spectral 
properties. So is the case between 5 and 7. 




Table 5.3 EPR spectral data of the cryptates 


Cryptate g 

av 

*^2 

s 



2 

2.07 




(298 K solid sample) 


2.06 




{77 K solid sample) 



2.12(gJ 2.07{g^) 


61 

(298 K in MeCN) 



2.18(g,i) 2.06{gx) 


93 

(77 K in MeCN) 

4 

2.09 




(298 K solid sample) 


2.09 




(77 K solid sample) 



2.14 2.07 

2.03 

65 

(298 K in MeCN) 



2.21 2.07 

2.02 

97 

(77 K in MeCN) 

8 

2.06 




(298 K solid sample) 


2.07 




(11 K solid sample) 



2.13 2.07 

2.03 

60 

(298 K in MeCN) 



2.17 2.07 

2.02 

103 

(77 K in MeCN) 

The 

EPR spectral properties of 4 

and 6 

have no noticeable 

i 

differences. So, 

the data for only 4 is 

i presented. 





-1 



Unit 

: for hyperfine couplings is cm x 

10 
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Table 5.4 Molar Conductance, Magnetic Moment (301 K) and Elemental 
Analysis of the cryptates 


Cryptate 

A /ohm ^cm\ol 
m 

/eff^B 



Analysis {%) 







Found 


Calculated 





C 

H 

N S 

C 

H 

N 

9 

227 

- 

55.49 

5.12 

7.01 

55.48 

5.28 

7.2 

10 

232 

2.02 

55.31 

5.42 

7.31 

55.59 

5.29 

7.2 

11 

* 

176 

3.07 

55.91 

5.42 

7.39 

55.86 

5.30 

7.24 

12 

215 

2.09 

53.60 

5.21 

7.21 3.27 

53.70 

5.31 

7.00 

* 

Solvent 

in this case was 

DMF. In all 

other 

cases 

the solvent 

was acetonitrile 
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Table 5.5 Electronic Spectral Data of the Cryptates 


Cryptate 

X /nm 

max 

f (dm^ mol ^ cm 

'■max 

Assignment 

9 

330 

6500 

ligand absorptior 


320 

6250 

tf 


301 

10500 

11 


280 

10900 

if 

10 

800 

225 

d-d band 


690 

195 

d-d band 


332 

7550 

Ligand absorptio 


301 

11700 

Ligand absorptio 


282 

12530 

o-(N) >Cu{II)LW 

ligand absorptic 

11 

960 

27 

d-d band 


575 

31 

d-d band 


375 

93 

d-d band 


333 

7090 

Ligand absorptii 


301 

10500 

Ligand absorpti* 


288 

12300 

cr(N) >Ni(II) : 

ligand absorpti 

12 

890 

120 

d-d band 


7l7 

95 

d-d band 


450 

450 

(S) >Cu(II)L!i 


333 

7419 

Ligand absorpti 


320 

7274 

Ligand absorpti 


301 

15966 

Ligand absorpti 


281 

15654 

cr{N) >Cu(II) 

ligand absorpt: 



Table 5.6 EPR Spectral Data of the Cu(II) cryptates 


Cryptate 

"av 


Ox 

1^" 

h) 


10 

2.08 

- 


- 

{298K solid sample) 


2.07 

- 



(77K solid sample) 


- 

2.13 

2.07 

60 

(298K CH^CN solution) 



2.19 

2.07 

94 

(77K CH^CN glass solution) 

12 

2.07 

- 

- 

- 

(298K solid sample) 


- 

2.17 

2.01 

- 

(77K solid sample) 


2.07 

- 

- 

65 (av) 

(298K CH^CN solution) 

g » 2.17 
^1 

f ^2 ~ 2.07, 

g, = 2.03 

3 


103 

(77K CH^CN glass) 

The unit 

for hyperfine couplings 

-1 

IS cm 

-4 

X 10 
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SCOPE OF THE FUTURE WORK 


The research presented in this thesis indicate that alkali 
metal ions can be used as templates for the synthesis of 
macrobicyclic cryptands . In most cases, the template ion is not 
present inside the cavity. However, in case it is trapped inside, 
it can be easily replaced by transition metal ions of interest. 
Synthesis of four macrobicyclic cryptands are described here. 
Each of them form transition metal cryptates showing interesting 
electronic structure and bonding properties. However, the 
complexation studies with other transition as well as non- 
transition metal ions should be carried out in order to probe the 
effectiveness of these cryptands as ligands. 

The stability constant measurements of various metal 
cryptates should provide valuable data regarding stability and 
selectivity of different metal ions towards these cryptands. 

The X-ray structures of the metal cryptates should be 
determined whenever suitable single crystals are available. In 
the present thesis, only one X-ray structure has been given as 
other complexes have not been obtained in single crystal forms. 
Once X-ray structures are available, the electronic structure and 
bonding studies can be made on a more quantitaive fashion. 



The use of alkali metal ions as templates in the synthesis 
of other types of cryptands should be undertaken. 

The above aspects of supramolecular chemistry should provide 
important results and some of these are already being undertaken 
in the laboratory by the present investigator as well as other 
workers . 
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